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Abstract
Introduction: Approximately 600 industrial workers reported exposure to sub-lethal 
levels of sulfur mustard gaa and nitrogen mustard gas. A sample o f203 of these workers 
were administered standardized measures o f perceptual, motor, intellectual, academic, 
attentional, memory, abstract reasoning, and psychological functioning, as well as level 
o f effort during testing. Mean time from exposure to testing was 1.18(SD = .35) years. 
Males comprised 97.5% of the participants and 79.3% were Caucasian. Mean education 
was 11.67(SP = 1.73) years and mean age at exposure was 36.74(SD = 10.31) years. 
Method: Mustard gas exposure severity was defined by the presence of obvious 
chemical bums and/or multiple blisters and pulmonary problems; endorsing pulmonary 
problems only with minimal or no blisters or rashing; or not showing evidence of, or not 
endorsing, having experienced bums, pulmonary problems, or other physical/medical 
symptoms secondary to mustard gas exposure. Participants were also grouped by the 
presence or absence of significant gastrointestinal symptoms following exposure to 
mustard gas. Testing variables were grouped into seven neurocognitive and 
psychological functional domains and demographic variables and measures of level of 
effort were investigated for significance as covariates.
Results: Significant differences were found in the expected dose-response direction 
across three levels of mustard gas exposure for the Executive/Abstract domain on 
multivariate analysis, even when significant demographic variables and level of effort 
measures were covaried. When partitioned by the presence of significant 
gastrointestinal symptoms, the domains of Memory and Emotional functioning showed 
significant differences in the expected dose-response direction. The domains of
v
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Emotional and Memoiy functioning also loaded as significant predictors o f group 
classification within the gastrointestinal symptoms variable. When investigated 
individually, the majority (58.1%) of individual tests and measures followed the 
proposed hypotheses.
Conclusions: Overall, findings support deleterious effects for mustard gas exposure 
following a dose-response gradient for measures of complex attention and higher 
cortical functioning as well as for measures of perception and emotional functioning. As 
a whole, performance on measures of verbal, academic, and motor functioning was not 
related to mustard gas exposure level.
vi
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Introduction
Background
During the latter part o f September 1996 approximately 600 industrial workers 
were exposed to sub-lethal levels of mustard gas: bis-(2-chloroethyl)sulfide (sulfur 
mustard gas) and methy 1-bi s(beta-chloroethyl)amine hydrochloride (nitrogen mustard 
gas). On October 28,1996, a sample of brown sludge and a sample of brown liquid 
were taken from the exposure site and given by the Occupational Safety and Health 
Administration (OSHA) to the Analytical Chemistry Team (ACT), Research and 
Technology Directorate, U.S. Army Edgewood Research, Development and 
Engineering Center (ERDEC) for analysis confirmation. Analysis of the samples by 
ACT revealed the purified sulfur mustard agent HD, as well as the nitrogen mustard 
agents HN-1, HN-2, and HN-3 (Rosso, Beaudry, Rohrbaugh, & Sumpter, 1996; see 
page 4 for a more detailed description of these substances).
The mustard gas exposure took place over a two-week period and coincided 
with the routine maintenance and cleaning of equipment. Although from an unknown 
cause, the exposure may have resulted from the inadvertent mixing of chemicals already 
at the plant with those introduced to clean it. The substance was described by workers 
as a fine mist in the air and a grit found coating some work objects. Others reported 
noticing bits o f metal on the ground “sizzling and bubbling”. Many workers complained 
o f discomfort following the exposure (e.g., painful bums and blisters, rashes, respiratory 
distress, muscle aches, and various other complaints). Some workers later reported an 
inability to work due to skin rashes, pulmonary complications, and other symptomatic 
complaints. Individuals working in closest proximity to the site complained of the most
1
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serious injuries and disabilities. For some individuals, the degree of injury was severe 
enough to necessitate hospitalization, debridement of necrotic tissue, and extensive 
physical therapy extending over several months.
Mustard Gas
Mustard gas is an extremely powerful vesicant (blister causing agent) that is the 
earliest discovered of the alkylating agents (a typically carcinogenic and mutagenic 
compound which through covalent bonding becomes a permanent part of tissue). The 
original mustard gas and oldest of the alkylating agents (bis-B-chloroethylsulfide) was 
first synthesized in 1822 by Despretz (Dacre & Goldman, 1996). Its modem descendant 
(2:2 dichloroethylsulfide), also called mustard gas, was later developed in 1859 by 
Guthrie (Somani & Babu, 1989). Mustard gas was produced in quantity as a chemical 
weapon for use during World War I.
The use of noxious and toxic chemical weapons as agents of mass destruction 
can be traced back to ancient history. For example, Thucydides described how in 424 
B.C. the Boiotians defeated the Athenians at the Battle of Delion by burning piles of 
wood soaked in sulfur and pitch and blowing the stinging smoke from the fire toward 
their enemy, forcing them to surrender (Eisenmenger, Drasch, von Clarmann, 
Kretschmer, & Roider, 1991). Modem chemical warfare’s reported birth date is April 
22, 1915 in the Village of Langemarck, Belgium where German forces first used 
chlorine gas from 6000 cylinders to kill 5000 and wound 10,000 of the Allied forces 
(Valciukas, 1991). A pattern of German development followed by Allied replication 
and counter development of chemical weapons ensued.
2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Modem chemical warfare agents can be broken into essentially three categories. 
The first category is comprised of vesicants, or blistering agents (of which mustard gas 
is a member). Blistering agents bum the surface o f the body and typically result in death 
through blistering of the respiratory system. The second category is comprised of blood 
agents (e.g., hydrogen cyanide) that prevent the normal uptake of oxygen by attacking 
the red blood cells. The final and third category is comprised of the nerve agents (e.g., 
Sarin) which attack the chemical processes involved in neurotransmission, especially 
the autonomic nervous system (Valciukas, 1991). Prior to its use in World War I, and 
despite its continued use in more recent conflicts, poison gas was specifically outlawed 
by The Hague Declaration of 1899 (Valciukas).
Unlike organophosphate nerve gases, which kill instantly, mustard gas has 
delayed effects and incapacitates far more individuals than it kills (Wormser, 1991).
The first recorded use of mustard gas was in 1917 near Ypres, Belgium, prompting the 
early nickname “Yperite” (Pechura & Rail, 1993) and “Yellow Cross”, due to the 
distinctive marking o f a cross in yellow paint on shells containing mustard gas 
(Wormser). It is also often called by its German code name “Lost” derived from the 
initial letters of the last names of two chemists (Lommel & Aeinkopf) who were the 
primary contributors to its mass production (Eisenmenger et al., 1991). Mustard gas was 
commonly referred to as “H” in English, and the allied soldiers referred to it as “HS”, 
an abbreviation for “Hun stuff’ (Eisenmenger et al.). In 1935 researchers found that the 
vesicant properties o f sulfur mustard gas remained when sulfur atoms were replaced by 
nitrogen atoms. Thus, it became possible to synthesize the nitrogen mustards with 
similar properties.
3
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Currently, mustard gas agents are broken into two categories for military 
designation and to distinguish between the sulfur and nitrogen mustards. The sulfur 
mustard agents are comprised of: (a) H, mustard gas with sulfur impurities [bis(2- 
chlorethyl sulfide)]; (b) HD, which is H that has been purified through distillation to 
reduce sulfur impurities; and (c) HT, a lethal vesicant composed of a mixture of 60% 
HD and 40% T. T is bis 2 (chloroethylthioethy!) ether (U.S. Army, 1990).
The nitrogen mustard agents are comprised of: (a) HN-1 (Bis (2-chloroethyl) 
ethylamine); (b) HN-2 (2,2’-Dichloro-N-methyldiethylamine); and (c) HN-3 (Tris (2- 
chloroethyl) amine Hydrochloride; Dacre & Goldman, 1996). The nitrogen mustard 
agents are immediately more toxic than the sulfur mustards. HN-1 was the first o f the 
nitrogen mustards developed in the late 1920s and early 1930s. It was originally 
designed as a pharmaceutical agent to remove warts and later became a military agent. 
HN-2 was the second in the series of nitrogen mustard compounds developed. It was 
designed as a military substance but became a pharmaceutical substance called Mustine. 
HN-3 was the last o f the nitrogen mustards developed and was designed as a military 
agent. Of the nitrogen mustards, the vesicant properties of HN-3 are nearly equal to 
those of HD (U.S. Army, 1990).
Mustard gas ranked as the most effective chemical agent used during the First 
World War. It was difficult to recognize, took an untoward effect on the entire body in 
even small amounts, and made its victims unfit for active duty for long time periods 
(Eisenmenger et al., 1991). The only non-experimental exposure to mustard gas during 
World War II occurred on December 3,1943, near Italy when a United States military 
vessel carrying approximately 100 tons of mustard gas was destroyed by German
4
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aircraft attack (Eisenmenger et at.). The released mustard gas spread onto surrounding 
waters and the gas vapor spread to the neighboring city o f Bari, resulting in numerous 
deaths due to respiratory failure (Somani & Babu, 1989).
Following World War n , large stockpiles of chemical weapons, including 
mustard gas, were dumped into the Baltic Sea. Over time, the disposed containers have 
suffered corrosion and poison gas shells have occasionally been released into the 
environment. Exposure and contamination has periodically occurred when fishing 
trawlers accidentally retrieve the compromised mustard gas shells (Aasted, Darre, & 
Wulf, 1987). One of the most recently confirmed and documented uses of mustard gas 
was by the Iraqi army during the Iran-Iraqi war o f 1980 to 1988 (Sohrabpour, 1987).
Pure sulfur mustard is a transparent liquid with a slight odor of castor oil. 
Unrefined sulfur mustard is a dark liquid with an unmistakable odor of mustard or garlic 
(Dacre & Goldman, 1996). Mustard gas is a volatile, oily, liquid which is slightly 
soluble in water (Institute of Medicine, 1993) and slowly vaporizes at ordinary 
temperatures (U.S. Army, 1990). The exposure, therefore, can be to the liquid or to the 
vapor. The chemical formulae for sulfur and nitrogen mustard are C4H8CI2S and 
C5H11C12N respectively (Pechura & Rail, 1993). Left undisturbed, large quantities of 
mustard gas spilled onto the soil would remain undegraded for months (Institute of 
Medicine) and detectable amounts can persist for up to 30 years (Watson & Griffin, 
1992).
Mustard gas possesses a strong ability to penetrate through such materials as 
textiles, rubber, and leather. Heavy cow leather, for example, is penetrated by mustard 
gas in approximately thirty minutes. Mustard gas rapidly penetrates human skin without
5
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producing any warning signs for twenty to thirty minutes after contact (Cullumbine, 
1946). Unlike thermal burns, the primary characteristic of mustard gas induced skin 
bums is their delayed effects. Skin lesions begin to appear at least several hours after 
exposure. For minimally exposed individuals, skin lesions may not appear for three to 
four days while severely exposed individuals may show symptoms within four hours 
(Sinclair, 1949).
Exposure to mustard gas produces skin blisters, damage to the eyes and 
respiratory tract, and may be lethal at sufficiently high doses. The gas is considered a 
cellular poison, an alkylating agent, a mutagen, and a recognized human carcinogen 
(Pechura & Rail, 1993). The alkylating properties of mustard gas are expressed when it 
easily combines with various parts of cells including amino acids, amines, and proteins 
(Dacre & Goldman, 1996). Both sulfur and nitrogen mustards are bifunctional 
alkylating agents (due to the presence of two chlorine atoms) and can cross-link 
deoxyribonucleic acid and react with a wide array of biological molecules (Dacre & 
Goldman; Smith, Hurst, Moeller, Skelton, & Sidel), 1995).
Nitrogen mustards are among the most effective cellular mutagens (Dacre & 
Goldman, 1996). As early as 1946, Auerbach and Robson demonstrated that mustard 
gas vapor was as effective as X-rays at causing rearrangements and breaks in the 
chromosomes o f exposed male fruit flies. These authors went on to demonstrate that 
exposure to mustard gas vapor produced up to 120 times more (24% compared to .2%) 
sex-linked, lethal chromosomal mutations than normally seen in the male fruit fly 
(Auerbach & Robson, 1947). Limited dosages (i.e., .5-1 milligram per kilogram 
subcutaneous injections or 1 pg abdominal injections) of mustard gas into the mothers
6
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of gestating mice and rat fetuses resulted in many abnormal developments of the face, 
cranium, limbs, digits, and tails, as well as many dead embryos (Dacre & Goldman).
In a study conducted by the Institute o f Medicine (1993), mustard gas exposure 
was reported to have deleterious effects including respiratory problems (Manning, 
Skegg, Stell, & Doll, 1981; Tokuoka et al., 1986), skin cancer (Jackson & Adams, 
1973), and possibly leukemia (Einhom, 1978). Mustard gas has also been linked to 
chronic non-reversible respiratory disease in humans (Easton, Peto, & Doll, 1988), 
recurrent corneal ulcerative disease (Phillips, 1940), delayed recurrent keratitis (Mann, 
1944), and chronic intractable conjunctivitis (Scholz & Woods, 1947).
Acute, severe exposure to mustard agents has been shown to cause increased 
skin pigmentation and depigmentation (Wada et al., 1963), chronic skin ulceration and 
scar formation (Momeni, Enshaeih, Maghadi, & Amindjavaheri, 1992), and the 
development o f human skin cancer (Inada, Hiragun, Seo, & Yamura, 1978; Jackson & 
Adams, 1973; Wada et al.). Mustard gas exposure has also been linked to bone marrow 
depression and immune system dysfunction (Balali, 1986).
The literature on the central nervous system effects of mustard gas exposure is 
limited. Dacre and Goldman state in their 1996 work on mustard gas agents that, “no 
concerted effort has been expended on investigating behavioral modifications 
associated with mustard insults” (p. 304). However, some reports of studies utilizing 
data from both humans and animals do exist.
Research on humans reports that neurological effects are common after acute, 
high level exposures to mustard gas agents. These effects can be attributed to the known 
toxicological effects of these agents and secondarily to their effects on other organ
7
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systems (i.e., bums and shock; Pechura and Rail, 1993). Although the morphological 
effects on the central nervous system are minimal, severe apathy and general 
indifference are typically reported as chronic consequences o f mustard gas poisoning 
(Eisenmenger et al., 1991). Furthermore, follow-up studies o f exposed Iranian soldiers 
report unspecified central nervous system involvement (Watson & Griffin, 1992).
Acute neurological symptoms are common in humans with high exposures to 
mustard gas agents and include severe depression and changes in mentation (Pechura & 
Rail, 1993; Watson & Griffin, 1992) as well as convulsions, epileptic crisis, and a fall in 
body temperature (Mayer, Magne, & Plantefol, 1920). Other reported effects include 
delayed impairment in heart beat regulation by the autonomic nervous system, impaired 
concentration, and diminished libido (Dacre & Goldman, 1996).
All nitrogen mustards are powerful central nervous system stimulants, have 
cholinergic properties, and are lipophilic and cross the blood-brain barrier (Peterson & 
Popkin, 1980). The primary toxic reaction occurring with the nitrogen mustards is a 
syndrome of nausea, vomiting, and a state similar to alcohol intoxication (Peterson & 
Popkin). Signs of exposure to sulfur mustard agents also include nausea and vomiting 
(Eisenmenger et al., 1991; Watson & Griffin, 1992). The advent of vomiting following 
exposure to even mild doses of mustard gas may reflect cholinergic activity or 
excitation of the vomiting center (medullary neurons) in the central nervous system 
(Dacre & Goldman, 19%). Further gastrointestinal symptoms often present as delayed 
effects to mustard gas exposure and can include epigastric pain, constipation, and 
diarrhea. These delayed gastrointestinal symptoms may persist for some time following
8
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mustard gas exposure (Dacre & Goldman). Lower dosages of mustard gas are reported 
to often cause mental stupor (Mayer et al., 1920).
The use of nitrogen mustards in the treatment of lymphomas and Hodgkin’s 
disease has reportedly resulted in at least one case of recurrent toxic encephalopathy 
secondary to the development o f internal hydrocephalus (Bethlenfalvay & Bergin, 
1972). Others have reported the development o f unspecified psychiatric illness after the 
medical administration of nitrogen mustards (Peterson & Popkin, 1980).
Research has also been conducted on the neurological effects o f exposure to 
mustard gas in animals. As early as 1918, Lynch, Smith, and Marshall demonstrated 
that injection o f mustard gas into dogs resulted in hyperexcitability, and then unsteady 
gait, muscular weakness, and defecation. Central nervous system involvement has been 
shown by the occurrence of convulsions, with hind feet and leg flexion, followed by 
respiratory distress and death in mice injected with mustard gas (Philips & Thiersch, 
19S0). Early studies by Anslow and Houck (1946) note that extremely high exposures 
to mustard agents can cause central nervous system excitation leading to convulsions in 
animals. Philips and Thiersch also report notable increases in both cholinergic and 
sympathetic systems in dogs and cats after exposure to mustard gas.
Specific cortical lesions following mustard gas exposure were reported by Smith 
(1943). He found degeneration in the cells of the cerebral cortex, basal ganglia, pons, 
and medulla, as well as a decline in the number ofPurkenje cells o f the cerebellum in a 
cat who had received a total of ten drops of mustard gas on its skin over five months. 
Smith hypothesized that the central nervous system effects likely resulted from 
absorption of the mustard gas through the animal’s skin, and that the gastrointestinal
9
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effects seen in animals after exposure to mustard gas may be a reflection of 
parasympathetic stimulation. Lastly, nitrogen mustards have been shown to cause 
internal hydrocephalus in chick embryos (Kar, Singh, & Sanyal, 1974).
Reports on the Gulf War Syndrome (Horn, Haley, & Kurt, 1997; Sillanpaa et al., 
1997) show emotional and neurocognitive changes among sufferers of toxic exposure 
involving other warfare substances with cholinergic properties. Follow-up studies of 
workers in German chemical warfare plants also showed a high prevalence of various 
neurological disorders including impaired concentration, diminished libido, and sensory 
hypersensitivity. However, these effects cannot be completely attributed to mustard gas 
agents alone as such plants also produced known nerve agents (Lohs, 1975).
Toxic Exposure
A variety of different toxic substances are produced in vast quantities each year. 
As such, it is not surprising that many individuals find themselves at risk for exposure 
to toxins in the workplace. There were a minimum of 1023 deaths during 1987 which 
could definitively be linked to exposure to neurotoxic substances while at the workplace 
within the United States alone and other estimates are as high as 1707 (Hartman, 1999). 
The National Institute for Occupational Safety and Health (NIOSH) considers the 
exposure to neurotoxic substances one of the ten leading causes of disease and injury in 
the workplace (Hartman).
Exposure to neurotoxic substances can result in neuropsychological impairment 
in areas of general intellectual, perceptual, learning and memory, visuospatial, and 
personality functioning (Hartman, 1988). Some neurocognitive functions appear more 
sensitive to the effects of neurotoxic exposure. These functions include abilities such as
10
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focused and sustained attention, memory, perceptual abilities, and executive functioning 
and abstract reasoning (Hartman). Other neurocognitive functions appear to be less 
sensitive to the effects o f neurotoxic exposure and can serve as rough estimates of 
premorbid functioning to allow for comparison with tests more sensitive to exposure. 
Less sensitive functions include vocabulary and school-learned facts as well as simple 
motor functioning (Hartman).
Overall, a simple dose-response gradient between the length, severity, or 
intensity o f exposure and the resultant neuropsychological deficits is expected. This 
relationship typically varies across different substances as a function o f their respective 
levels of toxicity and physiological idiosyncrasies. However, the presence of a dose- 
response gradient helps affirm the toxic substance as a causative agent for the detected 
impairments. When individuals are exposed to toxic substances while in the workplace 
and the exposure is believed to have caused deficits in functioning, legal action often 
follows.
Civil Litigation
Our legal system is divided into branches specializing in the administration of 
both criminal and civil law. Criminal legal cases include those in which a law has been 
broken which offends society as a whole (e.g., murder, theft). Civil legal cases include 
those suits initiated by one or more parties against other parties accused o f having 
injured or wronged them in some way. Those legal cases where toxic chemicals play a 
significant role are referred to as toxic torts (Singer, 1990).
A toxic tort is defined as litigation or legal action that results after a plaintiff 
develops (or asserts the development of) an injury or illness secondary to a chemical,
11
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industrial product, metal, drug, or other exogenous physical agent When the effects of 
the reported exposure are neurocognitive in nature, the action is more accurately 
described as a neurotoxic tort (Hartman, 1999).
Neuropsychologists are frequently asked to evaluate clients who report toxic 
exposure and who may be involved in forensic proceedings related to this exposure. The 
neuropsychologist looks for emotional and neurocognitive deficits and tries to 
determine what proportion of such deficits can be attributed to the client’s reported 
toxic exposure. Clients involved in forensic proceedings and litigation differ from those 
without such overt external stressors and secondary gain factors, and therefore different 
base rates for presentation, diagnoses, and evaluation requirements apply (Lees-Haley, 
1992; Dunn, Brown, Lees-Haley, f t English, 1994). As with any special population, one 
needs to take into account the base rate o f neuropsychological and neurotoxic symptoms 
before making diagnostic decisions (Meehl, 19S4; Meehl f t Rosen, 1955).
Neuropsychologists who perform evaluations of clients involved in forensic 
proceedings need to be sensitive to issues of client presentation and motivation in 
addition to affective states which can affect how clients perform (Kay, 1999). Persons 
involved in personal injury cases endorse high rates of complaints associated with 
neuropsychological impairment (Lees-Haley). Furthermore, deficient memory 
functioning is one of the most common complaints among neurologic patients, and not 
surprisingly, one o f the most frequently malingered cognitive symptoms as well (Sweet, 
1999).
The neuropsychologist needs to be aware of factors that can impinge upon 
evaluations involving litigation. These factors affect the client as well as threaten the 
neuropsychologist’s own objectivity (Kay, 1999).
12
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i is quite different from 
that of the typical clinical evaluation. Forces can operate that can change the 
behavior of the patient, the process of evaluation, and the role of the 
neuropsychologist... .Inevitably, the pressures exerted in this adversarial system 
can potentially affect the process of evaluation and the interpretation o f apparent 
neuropsychological deficits... .The result is that when the patient appears for a 
plaintiff neuropsychological evaluation, they may be desperate to demonstrate 
the reality and significance of their injury, when a patient appears for a defense 
evaluation, he or she may, in addition, be primed with distrust and hostility that 
can affect both performance and the perceptions of the examiner (p. 146).
Most persons malingering on neuropsychological evaluation are involved in
worker’s compensation, personal injury, or disability claims (Sweet, 1999). Even so,
published estimates o f base rates for malingering among persons involved in litigation
or seeking benefits are well below 50%, and in fact range from 7.5-15% to 18-33%
(Sweet). Furthermore, clients may perform at their true ability level on some measures,
while malingering on others. Invalid responding on one malingering measure does not
necessarily invalidate an entire evaluation (Sweet). However, when malingering is
detected, or highly suspected, on measures sensitive to client effort or invalid
responding, doubt is then cast on the performance on other measures and those deficits
seen. The neuropsychologist should then view all o f the client’s testing results more
critically.
13
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Purpose of This Study
The literature on the effects of mustard gas on the human central nervous system 
is quite sparse. Although some behavioral changes are occasionally mentioned, no 
concerted effort has been expended on investigating neuropsychological and 
psychological deficits associated with exposure to mustard agents (Dacre & Goldman, 
1996).
The risk for exposure to mustard agents is currently low for the general 
population. However, accidental occupational exposure is possible. Furthermore, 
mustard gas is often the initial chemical weapon of choice for developing countries 
(Dacre & Goldman, 1996) and very likely continues to be manufactured outside of the 
United States. Exposure in servicemen engaged in peacekeeping missions abroad is not 
unrealistic. There is, therefore, value in understanding the effects o f mustard agents on 
the human central nervous system. Also, investigation into the effectiveness of typically 
employed neuropsychological measures will assist in determining their sensitivity, 
specificity, and appropriateness for further use in evaluating mustard gas exposed 
individuals.
The current study was designed as an investigation into the neuropsychological 
and emotional effects of acute, sub-lethal exposure to mustard gas using what is likely 
the largest database presently available of mustard gas exposed individuals who have 
undergone full neuropsychological testing. Furthermore, the current study builds upon a 
recent pilot study that investigated the effects of mustard gas on an independent sample 
of 13 workers exposed during the same incident (Gouvier, Pinkston, Davis, & Rostow, 
1999; see the Appendix).
14
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
It was expected that neuropsychological and psychological testing results would 
not vary significantly as a function of demographic variables. It was also expected that 
neuropsychological testing results would vary significantly as a function of level of 
effort and psychological testing. The effects of demographic variables, level of effort, 
and psychological functioning were therefore investigated. This was accomplished by 
examining the mean differences and correlations between such variables and 
neuropsychological and psychological functioning.
Those demographic and level o f effort variables found to vary or correlate 
significantly with testing performance were then treated as covariates so that their 
influence on testing results was systematically controlled for, allowing an 
unconfounded examination o f the role of mustard gas, in and of itself, on 
neuropsychological test performance. Hypotheses for the current study included the 
effects of mustard gas on both neurocognitive and psychological functioning. 
Hypotheses
1) If exposure to mustard gas truly had deleterious neurocognitive effects, it was 
hypothesized that significant mean differences would be seen in neuropsychological 
performance across levels of mustard gas exposure in a dose-response gradient such 
that more severely exposed participants would perform worse on measures sensitive 
to toxic exposure (i.e., measures o f attention, memory, perception, and executive 
functioning). It was also hypothesized that no significant mean differences would be 
seen across levels of mustard gas exposure for measures thought to be resistant to 
such insults (i.e., measures of verbal, academic, and simple motor functioning).
15
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2) It was hypothesized that participants with more severe mustard gas exposure 
would perform significantly worse in a dose-response fashion on measures of 
anxiety, depression, and somatic complaints. More anxiety, depression, and somatic 
complaints were hypothesized among more severely exposed participants.
16
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Methodology
Participants
Participants were self-referred to the attorney group for the class action lawsuit 
against the employer o f the mustard gas exposed workers. Local licensed clinical 
psychologists with specialization in neuropsychology were contacted by the plaintiffs’ 
committee to act as neuropsychological evaluators of the exposed workers. Participants 
were contacted by an attorney working with the plaintiffs’ committee and scheduled for 
their evaluation with the neuropsychologist at a convenient date and time. The results of 
each neuropsychological evaluation were synthesized into an individual report 
presenting the extent and nature of any present psychological and/or neuropsychological 
deficits.
Beginning approximately two months post-exposure, and spanning the 28- 
month time period from November 1996 through January 1999, a sample of 212 
industrial workers previously accidentally exposed to both sulfur and nitrogen mustard 
gas each underwent a day-long, comprehensive neuropsychological evaluation. Each 
participant was tested by Master’s level psychometrists trained in the administration of 
the selected measures. Participants progressed from measure to measure (and thus 
psychometrist to psychometrist) in a non-standardized, varying order in an effort to 
allow for the most rapid testing of participants, as well as to assure that participant 
performance on a measure would not be uniformly and significantly impacted by test- 
taking order or time o f day effects.
Of those tested, eight participants were excluded from the study due to language 
barriers that caused significant difficulty comprehending the test instructions, and often
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resulted in a partial or complete lack of testing data. One participant was excluded as 
she had washed the clothes o f an individual who was reportedly exposed, but did not 
have direct contact with the mustard gas herself.
Of the remaining 203 participants, the mean time from exposure to 
neuropsychological evaluation was 1.18 years (SD = .33 years). The majority (69%) of 
the participants were evaluated between nine and 15 months post exposure (during the 
last sue months of 1997) with the rest being tested at various times throughout the 
remainder of the 28-month time period. Specifically, one (0.5%) participant was 
evaluated at two months post exposure, 22 (11%) at two to nine months, 140 (69%) at 
nine to 15 months, 28 (14%) at 15 to 21 months, 11 (5%) at 21 to 27 months, and one 
(0.5%) at 27 to 28 months post exposure.
The current study is based on the data set from these 203 participants. Gender 
analysis revealed that 198 (97.5%) were male and five (2.5%) were female. The self­
identified racial breakdown for all participants is as follows: 161 (79.3%) were 
Caucasian, 40 (19.7%) were African-American, one (0.5%) was Hispanic, and one 
(0.5%) was “Other”. Reported current marital status of the participants was as follows: 
41(20.2%) were single, 135 (66.5%) were married, 23 (11.3%) were divorced, two were 
separated (1%), two were widowed (1%), and none were cohabiting. Lateral 
dominance, as expressed by hand preference for writing, was investigated and 173 
(85.3%) of the participants were right-hand dominant and 30 (14.7%) were left-hand 
dominant.
For purposes o f determining level of education, a General Equivalency Degree 
(GED) was considered equal to 12 years of formal education. The average education of
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all participant* was lew than 12 years years o f education = 11.67 [£Q = 1-73]). 
Mean age at exposure was 3S.S6 years (SD = 10.32 years) and mean age at time of 
neuropsychological evaluation was 36.74 years (SD ■ 10.31 years).
Other demographic information was also obtained. O f the 203 participants, 133 
(65.5%) reported current alcohol use (more than 3 beers a week), 10 (4.9%) reported 
current illicit drug use, 31 (15.3%) reported a history positive for psychological 
treatment, 86 (42.4%) reported educational problems while in school, and 16 (7.9%) 
reported currently taking psychotropic medications.
S tr t to  groups
Participants were placed into one of three experimental groups based on each 
individual’s level of mustard gas exposure as manifested by physical symptoms and 
delineated as: (a) Showing obvious chemical bums and/or multiple blisters and 
pulmonary problems [n * 96,47.3%]; (b) endorsing pulmonary problems only with 
minimal or no blisters or rashing [q = 70, 34.5%]; or (c) not showing evidence of, or not 
endorsing, having experienced bums, pulmonary problems, or other physical/medical 
symptoms secondary to mustard gas exposure [n = 37, 18.2%].
In addition to the cumulative exposure grading used above, a second set of 
analyses was conducted in which participants were placed into one of two experimental 
groups based on the presence or absence of significant gastrointestinal symptoms (e.g., 
vomiting, diarrhea, blood in stool, stomach distress) following mustard gas exposure. 
Primary toxic reactions following mustard gas exposure often include nausea and 
vomiting (Eisenmenger et al., 1991; Peterson & Popldn, 1980; Watson & Griffin,
1992). Further gastrointestinal symptoms often present as delayed, persisting effects to
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mustard gas exposure and can include epigastric pain, constipation, and diarrhea (Dacre 
& Goldman, 1996). Of the 203 participants, 111 (54.7%) did not report significant 
gastrointestinal symptoms and 92 (45.3%) did.
Instruments
Participants were administered several measures of perceptual, motor, 
intellectual, attentional, memory, abstract reasoning, and psychological functioning, as 
well as level o f effort during testing.
Neuropsychological tests. Participants were administered the Halstead-Reitan 
Neuropsychological Battery (HRNB; Halstead, 1947) and several other measures of 
neurocognitive functioning, as well as measures of level of effort during testing. The 
HRNB, arguably the most commonly used neuropsychological test battery, is comprised 
o f the Category, Tactual Performance, Seashore Rhythm, Speech Sounds Perception, 
Lateral Dominance, Finger Oscillation, Grip Strength, and Trail Making tests, as well as 
the Reitan-Klove Sensory-Perceptual Examination (Bigler, 1988). The Lateral 
Dominance test assesses the dominant side of the body, and thereby the dominant 
cerebral hemisphere. Dominance was determined by writing handedness for this study 
and the Lateral Dominance test was not administered. Representative normative 
comparison tables for measures included in the HRNB are widely published (Heaton, 
Grant, & Matthews, 1991). Descriptions for each of the administered measures from the 
HRNB follow.
The Category Test (CAT; Halstead 1947) is a measure of abstract thinking and 
novel problem solving through hypothesis generation and adaptation in response to 
external feedback. It asks the participant to decide which of the numbers between one
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and four a stimulus card reminds them of (Lezak, 1995). The CAT is believed useful in 
assessing degree of mental flexibility and one’s propensity to learn from experience, 
and is reported to be a sensitive instrument in the detection of neurologic damage 
(Spreen & Strauss, 1998).
The Tactual Performance Test (TPT; Halstead, 1947) measures the speed with 
which a participant correctly places each of 10 differently shaped blocks into a form 
board while blindfolded. The TPT progresses through three trials, first with the 
dominant, then non-dominant, and lastly both hands. The participant is never allowed to 
see the blocks or the form board. After completing the third trial, the apparatus is put 
out of sight and the participant is then asked to draw the shapes and place them on the 
paper in their proper location from memory. The TPT is used to assess tactile form 
recognition, memory for shapes, and spatial location. It is also used to assess 
psychomotor problem solving (Spreen & Strauss, 1998).
The Seashore Rhythm Test (SRT; Reitan & Wolfson, 1993) is administered via 
audiocassette and assesses the participant’s ability to rapidly discriminate between 
similar and dissimilar auditorily presented rhythm patterns (Bigler, 1988). The test is 
reported as a useful test in the assessment of attention and concentration with its score 
for number of errors correlating positively with severity o f head trauma. The SRT has 
also been categorized as a measure of focused attention (Lezak, 1995).
The Speech-Sounds Perception Test (SSPT; Reitan & Wolfson, 1993) is also 
administered via audiocassette and assesses the participant’s ability to identify 60 
auditorily presented, novel, nonsense speech sounds while discriminating them from 
among four possible choices (Bigler, 1988). It is reported to be sensitive to brain
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damage generally, and particularly damage to the left hemisphere. It has also been 
categorized as a measure o f attention and concentration due to its sustained attention 
demands (Lezak, 1995).
The Finger Oscillation Test (FOT; Halstead, 1947; Reitan & Wolfson, 1993) 
measures motor speed of the index finger of each hand. The participant is presented 
with a tapping mechanism with a counter attached and is asked to tap the pedal with 
their index finger as rapidly as possible. Five 10 second trials are completed for each 
hand. If the participant fails to generate five trials within five taps of each other, up to 
five additional trials may be completed for a given hand. The five trials within five taps 
(or the closest approximation of this) are averaged for the final score (Bigler, 1988). 
The FOT is frequently used to asses subtle motor damage and other cognitive 
impairment. It is sensitive to both the presence and laterality of brain dysfunction 
(Spreen & Strauss, 1998).
The Grip Strength Test (GST; Reitan & Wolfson, 1993) measures the strength 
of grip for the participant with the use of a hand dynamometer, a calibrated devise 
which records, in kilograms, how hard the participant squeezes it. Participants are 
typically given two trials with each hand and alternating hands. The mean score for 
each hand is used (Bigler, 1988). The GST is also frequently used to asses subtle and 
gross motor damage (Spreen & Strauss, 1998).
The Trail Making Test parts A & B (TMT: A & B; Halstead, 1947) tap into 
several functions including motor functioning, visual search, mental flexibility, 
processing speed, divided attention, and response inhibition. In part A (TMT: A), the 
participant is presented with a standard 8 '/a by 11 inch sheet o f paper with a series of
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numbered circles which they are to connect in order as rapidly as possible. In part B 
(TMT: B), the participant is given a similar sheet o f paper with another series o f circles 
on it. However, this time half of the circles contain numbers and the other half letters. In 
this trial the participant is to connect the circles as rapidly as possible while alternating 
between numbers and letters (Spreen & Strauss, 1998).
The Reitan-Klove Sensory-Perceptual Examination (SPE; Reitan & Wolfson,
1993) is used to examine visual, auditory, and somesthetic functioning with a 
comprehensive set of tests (Bigler, 1988). The participant is exposed to and asked to 
identify unilateral and bilateral stimulation o f their hands, fecial sides, visual fields, and 
auditory fields. They are also asked to recognize finger tactile sensation without the aid 
o f vision (identify which finger was touched), written numbers (graphesthesia, or the 
ability to identify which number was traced on the finger-tip pad), and shapes 
(stereognosis, or the ability to identify which shape was placed in the hand; Bigler).
In addition to the HNRB, participants were also administered other tests 
including measures of level of effort, attention and concentration, intellectual 
functioning, learning and memory, and academic achievement. Descriptions for each of 
these additional measures follow.
The A Vigilance Test (AVT) is a measure o f level of effort and sustained 
attention to a letter cancellation task (Lezak, 199S). The participant is provided with a 
sheet containing several lines of various letters on it. The participant is then simply 
asked to cross out all o f the “A’s” on the sheet. Errors of omission and commission, as 
well as perseverative errors, are counted and represent a lack of attention to this simple
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task. Vigilance tasks are typically performed well by individuals with intact attentions! 
capacities (Lezak).
The Dot Counting Test (DCT; Rey, 1941) is a measure of level o f effort. The 
participant is shown a series of cards with both ungrouped and grouped dots on them 
and is asked to count as quickly as they can how many dots are on each card. The six 
cards with ungrouped dots are shown first, followed by the six cards with grouped dots. 
Response times and numbers o f errors are recorded. Participants showing adequate 
effort typically perform foster and more accurately on the cards containing the grouped 
dots (Sweet, 1999). In the event that little difference is seen between the time required 
for the participant to count the grouped versus ungrouped dots, or should the time to 
count the ungrouped dots be greater than that for the grouped dots, the participant’s 
level of cooperation becomes suspect (Lezak, 1995). Research has provided cutoffs for 
detecting malingering among simulators with high specificity (88-100%), but with 
lower sensitivity (10-44%; Martin, Hayes, & Gouvier, 1996). Also, analysis of 
participant performance on the DCT has shown that number of incorrect responses is 
more effective at correctly classifying simulated malingerers than time differences 
between grouped and ungrouped cards (Binks, Gouvier, & Waters, 1997).
The Rey Memory for Fifteen Items Test (MF1T; Rey, 1964) is a measure of 
level of effort. The participant is told that they will be presented with a sheet containing 
a series o f complex figures which they will be asked to study and recall from memory. 
They are told that they must pay close attention to the stimuli sheet. The stimuli sheet is 
shown for 10 seconds and consists of 15, simple, repetitive items. Following the 10 
second presentation, the stimuli sheet is taken away and the participant is provided with
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a blank sheet of paper and asked to recall from memory as many of the items from the 
stimuli sheet as they can (Lezak, 1995). Individuals who fail to exhibit a sufficient level 
o f effort on neuropsychological testing, or who wish to appear as though they suffer 
from significant memory impairment, often perform poorly on this measure (Sweet, 
1999).
The Stroop Color and Word Test (Stroop; Golden, 1978) is a measure of 
complex and divided attention with three trials. In the first trial, the participant rapidly 
reads a page of printed words. In the second trial, the participant rapidly identifies the 
color markings are printed in. In the third and final trial, the participant rapidly 
identifies the color o f ink words are printed in while inhibiting the over-learned 
response set of simply reading the words (Lezak, 1995). Performance on the Stroop is 
well correlated with difficulty on other measures o f attention and information 
processing speed (Lezak).
The Wechsler Adult Intelligence Scale -  Revised (WAIS-R; Wechsler, 1981) is 
an extended measure o f intellectual functioning. It provides an assessment of overall 
intellectual functioning, verbal intellectual functioning and verbal comprehension, and 
non-verbal (performance) intellectual functioning and perceptual organization. It also 
provides an assessment of attention (freedom from distractibility; Lezak, 1995).
The California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober, 
1987) is a measure of learning and memory for verbally presented word lists. The 
participant is verbally presented with and asked to recall a list o f words over five trials. 
The participant is asked to recall as many words from the list as he or she can after a 
brief distraction, and again after a longer, approximately 20 minute delay. The CVLT
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measures learning over the initial five trials as well recall following both a short and a 
long delay (Lezak, 1995).
The Wechsler Memory Scale • Revised (WMS-R, Wechsler, 1987) is an 
extended measure of memory functioning. It provides an assessment of immediate 
verbal and visual memory, overall immediate memory, delayed memory, and attention 
and concentration (Lezak, 1995).
The Wide Range Achievement Test - Revision 3 (WRAT3; Wilkinson, 1993) is 
a measure of academic achievement. The participant is asked to read a page of words of 
increasing complexity, asked to spell a list of increasingly more difficult words, and 
asked to complete two pages of increasingly more difficult arithmetic problems in a set 
amount o f time. The WRAT3 yields comparative reading, spelling, and arithmetic 
achievement levels for the participant (Lezak, 1995).
Self-report measures. Participants also completed several self-report measures of 
psychological functioning. Descriptions for each o f these measures follow.
The Beck Anxiety Inventory (BAI; Beck & Steer, 1990) is a brief, 
unidimensional, 21-item, self-report measure of anxiety. The participant rates the 
intensity with which they have been bothered by various symptoms of anxiety on a 
four-point likert scale from “not at all” to “severely” (Lezak, 1995).
The Beck Depression Inventory-Revised (BDI-II; Beck & Steer, 1993) is a brief, 
unidimensional, 21-item, self-report measure of depression. The participant identifies 
which of four progressively more pathognomonic statements best typifies their level of 
current functioning across the areas of somatic, cognitive, vegetative, and subjective 
symptoms of depression (Lezak, 1995).
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The Minnesota Multiphasic Personality Inventory - 2 (MMPI-2; Butcher,
Dahlstrom, Graham, Tellegen, & Kaemer, 1989) is an extended, self-report measure of 
psychological and personality functioning in which the participant answers 567 
true/false questions. The MMPI-2 yields three major, and several additional validity 
scales, as well as ten clinical scales of psychopathology, and many subscales of 
psychological and personality functioning. It is by far currently the most widely used 
paper-and-pencil personality measure (Lezak, 1995).
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Procedure
The neuropsychological and psychological testing data, as well as pertinent 
demographics, from the archival records o f the remaining 203 mustard gas exposed 
industrial workers was entered into a computer file data set. The data entry proceeded 
with one person reading the scores from the participant files as another person entered 
them into a Microsoft Excel spreadsheet. Each test raw score was then adjusted using 
published, representative, comparative normative tables (c.f., Heaton et al., 1991; 
Spreen & Strauss, 1998) to provide standardized scores taking into account (when 
possible) the participant’s age-group, gender, and level of education. Using 
standardized scores provided by such normative studies assured that participants were 
not unduly penalized for variations in such demographics. When possible, the computer 
scored, normed, and standardized participant testing results were entered (i.e., CVLT & 
MMPI-2).
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Design and Analysis
Data analysis was conducted using version 10 o f SPSS for the IBM compatible 
personal computer and progressed following the presented order of hypotheses above. 
In accordance with the discovery nature of this study, alpha was set at .05.
The resultant data from the 203 participants was subjected to descriptive 
analysis and breakdown to aid in understanding the distribution o f the data as a whole 
and among the exposure groups, as well as to assure that the assumptions for 
performing further inferential statistical analyses were met (e.g., homogeneity of 
variance, normally distributed population; Hinkle, Wiersma, & Jurs, 1994). 
Homogeneity of variance was assessed for by Levene’s test as described on page 32. 
Normality was experimentally controlled for by the fairly large sample sizes within 
each comparison cell and the normalizing effect of the central limit theorem (Hinkle et 
al., 1994). Independence in group selection was assured as no participant was a member 
of more than one experimental group in any given analysis or comparison. As the 
participants in this study were all self-selected litigants, the assumption o f randomness 
in selection was not met. This factor was a weakness in the design o f this study and is 
inherent in many similar samples of convenience. However, it does lend the data more 
closely to real word comparisons since involvement in litigation is often seen in similar 
circumstances. The lack of randomness in selection limits the generalizability of the 
findings to non-litigious populations. Nevertheless, the American Psychological 
Association code of ethics for dealing with experimental participants would render 
impossible any actual experimental study of mustard gas exposure in humans.
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The current study contained a rather large number of testing variables in relation 
to its total number of participants. Given this large number of testing variables, the 
neuropsychological and psychological testing data was subjected to an exploratory 
factor analysis to help identify highly correlated groups o f variables and their 
underlying cognitive or emotional functional factors/sources o f influence (Grimm & 
Yamold, 1995). The results of this analysis were then used to guide the construction of 
several functional domains made up of tests and measures of cognitive and emotional 
functioning.
Following the construction of the several functional domains through data 
reduction, the effect of demographic variables on neuropsychological and psychological 
testing results was investigated. It was expected that testing results would not vary 
significantly with the various demographic classifications including participant: (a) 
race, (b) age at exposure, (c) marital status, (d) level of education, (e) history of 
academic problems, (f) significant legal history, (g) significant psychological history,
(h) current use of psychotropic medications, (i) current use o f illicit drugs, and (j) 
current use of alcohol. These analyses were done using two-tailed, independent samples 
{-tests with Bonferroni alpha correction (i.e., analysis alpha set at .05/number of 
individual comparisons) for dichotomous variables; one-way analysis of variance 
testing (ANOVA), again with Bonferroni alpha correction for individual, post-hoc, pair- 
wise comparisons, for categorical variables; and Pearson’s, two-tailed, correlation 
coefficient determination for continuous variables.
When testing results were found to significantly vaiy as a function o f the levels 
within a demographic variable, that variable was then considered for inclusion as a
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covariate in future analyses. Variance within the dependent variable that is associated 
with random variables (variables not selected by the researcher) is often referred to as 
random effects. Such random effects can influence significance testing, and when 
undiscovered, lead to the misattribution of significant findings to independent (fixed) 
variables. Including demographic variables with significant random effects, or effects 
correlated with a dependent variable, as covariates in analyses for group effects is 
effective at parceling out the covariate effects that might obscure or artificially enhance 
the effects o f the experimental variables of greatest interest.
The effects of measured level of effort during testing were evaluated next. 
Participants were given three measures of effort during testing. These measures, the A 
Vigilance Test (AVT; Lezak, 1995), the Dot Counting Test (DCT; Rey, 1941), and the 
Rey Memory for Fifteen Items Test (MFIT; Rey, 1964) are simple tests typically 
performed well by even brain damaged individuals and are thought to assess an 
individual’s level of effort during neuropsychological testing (Lezak). Errors of 
omission on the AVT, total number of errors on the DCT, and total number of items 
recalled on the MFIT were evaluated for significant correlations with any of the 
functional domain variables. Pearson’s two-tailed correlation analysis was again used 
for these continuous variables. Those variables producing significant correlations with 
testing results were considered for inclusion as covariates in future analyses.
It was predicted that more severely exposed participants would perform worse 
on a subset of administered tests (i.e., measures o f attention, memory, perception, and 
executive functioning). The multivariate analysis of variance (MANOVA) significance 
testing procedure was selected for the initial data analysis o f these differences. The
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purpose of the MANOVA procedure is to  determine the probability that the means of 
more than two groups of scores deviate from one another more than that attributable to 
sampling error alone. Conceptually, the total variability in the scores is partitioned into 
a part that represents the differences among the means o f the groups, and a part that is 
not influenced by the differences among means (Hinkle et al., 1994).
The three exposure levels (independent variables/factors) were simultaneously 
evaluated with the omnibus MANOVA procedure against the dependent variables of 
participant testing results within each functional domain. The MANOVA procedure 
allows for the inclusion of covariates (multivariate analysis o f covariance; MANCOVA) 
such that any influence they may have on the dependent variable is controlled for 
(Grimm & Yarnold, 1995). Selected demographic, level of effort, and psychological 
functioning covariates were added incrementally during the stages of analysis. 
Interactions between covariates and participant exposure level were investigated.
MANOVA assumes that for each group the covariance matrix is similar. Box’s 
M tests this assumption and a non-significant finding allows one to conclude that the 
assumption has been met (Grimm & Yarnold, 1995). MANOVA also assumes that the 
error variances of the dependent variables are similar. Levene’s test tests this 
assumption. I f  the Levene statistic is significant at the .05 level, then this assumption 
has not been met. However, the F test is quite robust, even when this assumption is not 
met (Grimm & Yarnold).
MANOVA also returns the proportion of the total variance in the dependent 
variable that is accounted for by the variation in the independent variable, or Eta-
32
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
squared (Kiess, 1989). Eta-squared can be conceptualized as the degree to which 
participant testing results can be attributed to exposure group classification.
Once MANOVA/MANCOVA has been completed and the multivariate test is 
significant, it is concluded that the respective effect is statistically significant and the 
individual univariate F-tests are investigated to determine what is producing the 
significant effect. Inspection o f group means provides an empirical rational for 
performing either one-tailed or two-tailed univariate significance testing. As the 
literature on toxic exposure and the findings of the pilot study indicated deleterious 
effects for both neurocognitive and emotional functioning following mustard gas 
exposure, one-tailed univariate tests were employed when group means fell in the 
hypothesized direction of poorer performance with worse exposure. If the mean 
differences were in the unexpected direction, or equivocal, two-tailed tests were used. 
One-tailed tests were utilized for the domains thought to be resistant to toxic exposure 
as well. As such, the univariate significance testing became more sensitive to detecting 
significant differences that would both confirm and reject the hypotheses.
Follow-up, post-hoc, pair-wise comparison analyses were conducted on those 
significant univariate comparisons to determine between which two of the three 
exposure group levels the significant differences resided. Differences in the dose- 
response direction of worse performance among more severely exposed participants 
were expected for those domains expected to be sensitive to the effects of toxic 
exposure. No significant differences were expected for those domains thought to be 
resistant to toxic exposure. The Bonferroni post-hoc, pair-wise comparison procedure 
was used to control for multiple comparison error rate inflation at this stage of the
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analysis. It was recognized that the Bonferroni error correction procedure is quite 
conservative and increases the chance of committing type 2 errors. Therefore, follow-up 
pair-wise comparison analyses were run without the Bonferroni adjustment to assure 
that otherwise significant difference were not overlooked.
Psychological functioning was expected to be significantly correlated with 
neuropsychological testing results. As such, the functional domain for psychological 
functioning, and the tests and measures it was comprised of, were evaluated for their 
respective tendency to vary as a function of participant testing results on 
neuropsychological measures. Significance testing was performed using Pearson’s two- 
tailed correlation analysis to determine variables for potential inclusion as covariates in 
future analyses.
In addition to being divided by the three exposure group levels, data from the 
testing results was also partitioned by the presence or absence of significant 
gastrointestinal symptoms. A multivariate analysis o f covariance procedure was run to 
allow for inclusion o f selected covariates and investigate differences between the two 
levels o f gastrointestinal symptoms and participant testing within the several functional 
domains. The Hotelling’s Trace procedure allows for the simultaneous multivariate 
analysis o f one independent variable with only two levels thereby protecting against the 
inflation of analysis error rate seen in multiple comparisons.
The resultant two-level gastrointestinal symptom groupings were then subjected 
to descriptive step-wise discriminant analysis to determine how effective the several 
functional domains, as well as their individual tests and measures, (or a sub-set thereof) 
were at classifying participants within the framework of either symptomatic or
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IgymptOPmtic  fo r HgnifiM"* gagtrnint^gtinnl gymptnm a Discriminant
analysis is a procedure that maximizes the separation between groups of a dichotomous 
variable by finding the best linear combination of several continuous variables (Grimm 
& Yarnold, 1995).
The discriminant analysis procedure assumes homogeneity of the covariance 
matrices (Grimm & Yarnold, 1995). Box’s M test of equality of covariance matrices 
was again used to assess for this. The assumption of independence of observations was 
experimentally controlled for as each participant fell in only one level o f the 
gastrointestinal symptoms variable. Like MANOVA, discriminant analysis is robust in 
the presence of slight departures from its underlying assumptions (Grimm & Yarnold).
Finally, a comparison of direction o f differences between group means was 
conducted in an effort to see how many individual tests and measures showed 
performance differences in the expected, dose-response direction both by simply 
inspecting group means as well as following significance testing. Group differences 
were evaluated for both the three levels of the exposure level variable and the 
dichotomous gastrointestinal symptoms variable.
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Results
Demographics for all subjects are presented on pages 18 and 19. From the large 
number of individual neuropsychological and psychological test scores available for 
analysis, 31 were rationally selected based on their representativeness o f broader 
domains of neurocognitive and emotional functioning (Lezak, 1995; Spreen & Strauss, 
1998).
An exploratory factor analysis was conducted to assist in grouping the 31 testing 
variables into several broad functional domains. Principle components factor analysis 
revealed 12 components with initial eigenvalues greater than one and together 
accounting for 73.2% of the variance associated with participant testing results. The 
first 7 components accounted for 60.3% of the variance associated with participant 
testing results and were chosen as suggestive o f seven functional domains.
Seven individual functional domains were constructed with consideration to the 
results o f the factor analysis. Those cognitive and emotional functions thought to be 
sensitive and resistant to the effects of toxic exposure (Hartman, 1988) were assessed 
with an eye toward dividing them into meaningful conceptual areas (Lezak, 1995;
Spreen & Strauss, 1998). Each functional domain variable was constructed by taking 
the sum of the standardized scores from the tests and measures it was comprised o f and 
deriving a mean value.
The seven individual functional domain areas included: (a) Perceptual, (b)
Motor, (c) Verbal/Academic, (d) Attention, (e) Memory, (f) Executive/Abstract, and (g) 
Emotional functioning (see Table 1). The domains of Attention, Memory, Perceptual, 
Executive/Abstract, and Emotional functioning were hypothesized to be more sensitive
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to the effects of mustard gas exposure; whereas the domains of Verbal/Academic and 
Motor functioning were hypothesized to be relatively resistant to the effects o f mustard 
gas exposure (Hartman, 1988). The seven functional domain areas were constructed 
from the neuropsychological and psychological tests and measures beginning on page 
20 and grouped according to functional domain as follows.
Table 1
Descriptive Statistics for the Seven Functional Domain Variables
Domain n Minimum Maximum M SB
Perceptual 196 44.33 85.67 62.63 7.5
Motor 200 12.2S 68.75 46.71 8.7
Verbal/Academic 201 52.00 108.50 85.07 11.4
Attention 186 36.17 77.33 59.72 7.8
Memory 182 31.38 105.18 66.54 13.7
Executive/Abstract 189 22.00 62.75 43.30 7.5
Emotional 196 28.00 79.17 50.32 11.6
Note. Higher scores better for all but “Emotional” which is reverse scored.
The Perceptual domain was constructed from the Reitan-Klove Sensory- 
Perceptual Examination total score, the total completion time over three trials from the 
Tactual Performance Test, and the Perceptual Organization scale from the Wechsler 
Adult Intelligence Scale - Revised. These measures were hypothesized to be sensitive to 
effects of mustard gas exposure.
The Motor domain was constructed from the scores from both the dominant and 
non-dominant hands for the Finger Oscillation and Grip Strength Tests. These measures 
were hypothesized to be resistant to the effects of mustard gas exposure.
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The Verbal/Academic domain was constructed from the Verbal Comprehension 
scale from the Wechsler Adult Intelligence Scale - Revised, as well as the Reading, 
Spelling, and Arithmetic subtests from the Wide Range Achievement Test - Revision 3. 
These measures were hypothesized to be resistant to effects of mustard gas exposure.
The Attention domain contained measures of simple and modestly complex 
attention. It was constructed from the Freedom From Distractibility scale from the 
Wechsler Adult Intelligence Scale - Revised, the Attention/Concentration scale from the 
Wechsler Memory Scale - Revised, the Stroop Test trials for Color and for Word, the 
Seashore Rhythm Test, and the Speech-Sounds Perception Test. These measures were 
hypothesized to be sensitive to the effects of mustard gas exposure.
The Memory domain was constructed from the General Memory and Delayed 
Recall scales from the Wechsler Memory Scale - Revised, and the total words learned 
over five trials and long delay free recall condition from the California Verbal Learning 
Test. These measures were hypothesized to be sensitive to the effects of mustard gas 
exposure.
The Executive/Abstract domain contained measures of divided, complex 
attention with response inhibition components, as well as measures of abstract problem 
solving and mental flexibility. It was constructed from the Trail Making Test parts A 
and B, The Categories Test number o f errors, and the Stroop Test trial for Color/Word. 
These measures were hypothesized to be sensitive to the effects of mustard gas 
exposure.
The Emotional domain contained measures and scales of anxiety, depression, 
and somatic complaints. It was constructed from the total scores from the Beck Anxiety
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Inventory and the Beck Depression Inventory, and the scales Hs, D, Hy, and Pt from the 
Minnesota Multiphasic Personality Inventory - 2. The emotional domain is unique in 
that higher scores are considered pathological whereas the inverse is true for the other 
six domains. The Emotional domain was hypothesized to be sensitive to the effects of 
mustard gas exposure.
Following the construction of the seven functional domain variables, the effects 
o f demographic variables on participant testing performance was investigated. 
Demographic variables including: (a) race, (b) age at exposure, (c) marital status, (d) 
level of education, (e) history of academic problems, (f) significant legal history, (g) 
significant psychological history, (h) current use of psychotropic medications, (i) 
current use of illicit drugs, and (j) current use of alcohol were evaluated for their 
respective tendencies to covary as a function of, and thereby influence, the seven 
functional domain variables.
These analyses were done using the independent samples, two-tailed t-tests with 
Bonferroni alpha correction such that the analysis alpha was set to .007 (.05/7 
comparisons = .0071) for mean comparisons. Although both race and marital status 
were originally categorical variables, both had few participants (i.e., only one or two) in 
their less common categories, and were therefore analyzed as dichotomous variables.
The effect o f gender was not investigated, as only 2.5% o f the participants were female. 
Significant differences in testing performance across groups within demographic 
variables were found for race and history o f academic problems. The assumption of 
homogeneity of variances was met for most analyses as Levene’s test returned
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significant values for only a limited number of individual comparisons, and typically 
limited to the Verbal/Academic and Emotional domains.
Caucasian participants scored significantly higher on all domains except for the 
Verbal/Academic and Emotional functioning variables, than African-American 
participants (Perceptual 1(192) = 4.43, p = .0001; Motor 1(1%) = 2.94, p = .004; 
Attention 1(182) = 3.12, p = .002; Memory 1(178) = 2.79, p = .006; & 
Executive/Abstract 1(185) = 3.94, p  = .0001; see Table 2).
Table 2
Mean Differences bv Race Across the Seven Functional Domain Variables
Domain Race O M SD
Perceptual * Cauc. 156 63.80 7.5
AA 38 58.06 5.8
Motor * Cauc. 158 47.67 7.9
AA 40 43.23 10.7
Verbal/Academic Cauc. 159 86.11 11.2
AA 40 81.15 11.3
Attention * Cauc. 148 60.67 7.5
AA 36 56.27 8.05
Memory * Cauc. 147 67.91 13.6
AA 33 60.73 12.4
Executive/Abstract * Cauc. 151 44.33 7.1
AA 36 39.06 7.9
Emotional Cauc. 156 50.20 11.1
AA 38 51.24 13.9
Note. Higher scores better for all but “Emotional” which is reverse scored. Cauc. = 
Caucasian, AA -  African-American. * = Significant at .007.
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Those participants reporting a history of academic problems performed 
significantly worse on the Academic/Verbal (1(199) = 6.42, p = .0001), Attention 




Domain Acad. Probs. 0 M SB
Perceptual No 113 63.29 8.0
Yes 83 61.73 6.8
Motor No 11S 46.91 8.7
Yes 85 46.44 8.7
Verbal/Academic * No 116 89.10 10.2
Yes 85 79.57 10.7
Attention * No 109 61.93 7.8
Yes 77 56.60 6.7
Memory * No 106 69.71 13.2
Yes 76 62.11 13.1
Executive/Abstract No 111 44.05 7.6
Yes 78 42.24 7.3
Emotional No 115 49.68 12.4
Yes 81 51.22 10.4
Note. Higher scores better for all but “Emotional” which is reverse scored. * = 
Significant at .007. Acad. Probs. = academic problems.
Age at exposure correlated significantly with only the Verbal/Academic domain.
Educational level correlated significantly with the Verbal/Academic, Attention, and
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Memory domains and was thought to share much of its variance with history of 
academic problems.
From these analyses, the demographic variables o f race and history of academic 
problems were chosen as appropriate covariates for future analyses of performance 
differences among experimental groups. Age at exposure was not included as nearly all 
o f the tests and measures used already took age into account with their respective 
norms. Educational level was not included as it mirrored the effects of history of 
academic problems.
Participants were given three measures of effort during testing. These measures, 
the A Vigilance Test (AVT; Lezak, 1995), the Dot Counting Test (DCT; Rey, 1941), 
and the Rey Memory for Fifteen Items Test (MFIT; Rey, 1964) are simple tests 
typically performed well by even brain damaged individuals and are thought to assess 
an individual’s level o f effort during neuropsychological testing (Lezak). Errors of 
omission on the AVT, total number of errors on the DCT, and total number of items 
recalled on the MFIT were evaluated to see if they correlated significantly with any of 
the six functional domains. Pearson’s two-tailed correlation analyses revealed that 
poorer performance on both the DCT and MFIT correlated significantly with poorer 
performance on each of the seven functional domains. These correlations were 
significant at the alpha = .01 level for all comparisons.
The AVT correlated only weakly with two of the seven functional domains 
(Memory & Emotional functioning) at the alpha = .05 level and did not appear as strong 
a predictor of poorer testing results. Therefore, the DCT and MFIT were chosen as
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appropriate covariates for future analyses of performance differences among 
experimental groups (see Table 4).
Following the investigation into the effect of demographic and level o f effort 
testing on participant scores for the seven functional domain variables, significance 
testing for mean differences among the three exposure group levels was conducted. 
These analyses utilized the Multivariate analysis o f variance (MANOVA) significance 
testing procedure and progressed from including no covariates, to adding the selected 
demographic covariates (i.e., race & academic problems; MANCOVA), and finally 
adding the selected level of effort covariates as well (i.e., DCT & MFIT; MANCOVA). 
One-tailed univariate tests were used for those domains that showed mean differences in 
the hypothesized direction, as well as for those domains hypothesized to be resistant to 
toxic effects.
Table 4
Correlational Matrix Between the Seven Functional Domain Variables and Measures of 
Level of Effort
Domain DCT MFIT AVT
Perceptual £ -.198(**) .256(**) .129
P .006 .000 .073
0 191 196 195
Motor £ -.192(**) 214(**) -.139
P .007 .002 .052
11 193 199 198
Verbal/Academic £ -.330(**) 356(**) .011
P .000 .000 .879
43
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(table continued)
0 194 200 199
Attention £ 1 U 00 w • • w .424(**) -.142
E .000 .000 .054
0 180 185 184
Memory r -222(**) 492(**) -.174(*)
E .003 .000 .019
0 176 181 180
Executive/Abstract E -234(**) .311(**) -.089
E .001 .000 .228
D 183 188 187
Emotional I 192(**) -190(**) .1 7 6 0
E .008 .008 .014
D 190 196 195
Note. Higher scores better for all but “Emotional” which is reverse scored. All 
correlations were derived using Pearson’s two-tailed correlation for analysis. ** = 
Correlation is significant at the 0.01 level (2-tailed); * = Correlation is significant at the 
0.05 level (2-tailed).
The initial MANOVA analysis looking at mean effects of exposure group level 
on the seven domain variables was done without covariates. This analysis included 81 
of the worst exposed participants, 56 of the moderately exposed participants, and 32 of 
those participants who showed essentially no signs of exposure. The assumption of 
equality o f covariance matrices was met as Box’s M test was non-significant (p = .244). 
The assumption o f equality o f error variances was primarily met as Levene’s test was 
non-significant for six of the seven domain variables and returned a significant statistic 
only for the domain of Attention (p = .014).
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This initial multivariate analysis returned a  significant overall statistic (Wilks’ 
Lambda F(14, 320) = 2.30, p = .005) for level of exposure across the seven domain 
variables with an Eta-squared o f .091 indicating that 9.1% o f the variance associated 
with exposure level group membership was accounted for. Follow-up, one-tailed 
univariate analysis o f variance testing (the Perceptual domain was evaluated using a 
two-tailed test as its means fell in the unexpected direction) revealed that the domains of 
Executive/Abstract (E(2,166) = 4.345, p = .007) and Emotional (F(2, 166) = 2.977, p = 
.027) functioning were significant across the levels of exposure level. These 
comparisons produced respective Eta-squared values of .050 and .035 indicating that 
exposure level accounted for 5% of the variance associated with the Executive/Abstract 
domain and 3.5% o f the variance associated with the Emotional domain.
Lastly, post-hoc, pair-wise comparison analysis with Bonferroni alpha 
correction of the three exposure group levels for the Executive/Abstract (p = .012) and 
Emotional (p = .047) domains revealed that significant mean differences resided 
between the worst and least mustard gas exposed exposure levels for both of these 
domains. These differences both fell in the expected direction of worse exposed 
participants performing more poorly than least exposed participants (see Table 5). No 
additional significant differences were found when the Bonferroni procedure was not 
employed.
The second multivariate analysis looking at mean effects o f exposure group 
level on all seven domain variables was done with the demographic variables of race 
and academic problems included as covariates. This analysis included 81 of the worst 
exposed participants, 56 of the moderately exposed participants, and 32 of those
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participants who showed essentially no signs of exposure. The assumption of equality 
of covariance matrices was again met as Box’s M test was non-significant (p = .244). 
The assumption of equality of error variances was met as Levene’s test was non­
significant for all seven domain variables.
Tables
Descriptive Statistics for the Seven Functional Domain Variables Across Levels o f the 
Exposure Level Grouping Variable
Domain Exposure Level M SB n
Perceptual Worst 64.04 7.4 81
Moderate 61.92 8.3 56
Least 61.47 7.1 32
Motor Worst 45.67 7.7 81
Moderate 47.81 8.3 56
Least 47.38 10.5 32
Verbal/Academic Worst 86.73 11.9 81
Moderate 85.48 11.7 56
Least 84.59 9.6 32
Attention Worst 59.29 7.7 81
Moderate 61.14 9.2 56
Least 60.03 6.0 32
Memory Worst 66.28 13.4 81
Moderate 68.77 14.8 56
Least 67.32 10.1 32
Executive/Abstract Worst* 42.35 7.5 81
Moderate 44.19 7.3 56
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(table continued)
Least * 46.84 7.3 32
Emotional Worst * 51.60 12.1 81
Moderate 50.00 10.6 56
Least * 45.90 9.7 32
Note. Higher scores better for all but “Emotional” which is reverse scored. * = 
Significant pair-wise comparison between exposure level means.
The initial multivariate analysis (MANCOVA) including the covariates of race 
and academic problems was non-significant (Wilks’ Lambda F(14, 312) = .924. p = 
.553) and further investigation from this analysis was not conducted.
The final MANCOVA analysis looking at mean effects of exposure group level 
on the seven domain variables was done with the demographic variables o f race and 
academic problems, as well as the level of effort variables of DCT and MFIT, as 
covariates. This analysis included 78 of the worst exposed participants, 56 o f the 
moderately exposed participants, and 31 of those participants who showed essentially 
no signs of exposure. The assumption o f equality of covariance matrices was met as 
Box’s M test was non-significant (p = .350). The assumption o f equality of error 
variances was met as Levene’s test was non-significant for ail seven domain variables.
The initial multivariate analysis including the covariates of race, academic 
problems, DCT, and MFIT was significant (Wilks’ Lambda E(14,292) = 2.365, g = 
.004, Eta-squared = . 102) and revealed significant interactions between these covariates 
and mustard gas exposure level as was expected (exposure level * race: Wilks’ Lambda 
£(21,420) = 2.159, g  = .002; exposure level * academic problems: Wilks’ Lambda 
E(21,420) = 2.42, g = .0001; exposure level * DCT: Wilks’ Lambda E(21, 420) = 
1.792, g = .018; & exposure level * MFIT: Wilks’ Lambda £(21,420) = 3.463, g =
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.0001). These interactions accounted for 9.3% (race), 10.4% (academic problems), 7.9% 
(DCT), and 14.2% (MFIT) of the variance associated with participant performance on 
the seven domain variables.
Univariate analyses of variance for these four covariates also revealed many 
significant findings among the various domain variables as expected (race: Perceptual p 
= .009, Motor p = .035, Attention p -  .001, Memory p = .005, Executive/Abstract p = 
.001; academic problems: Verbal/Academic p = .0001, Attention p = .001; DCT: 
Verbal/Academic p = .009, Attention p = .0001; MFIT: Perceptual p = .044, Motor p = 
.040, Verbal/Academic p = .0001, Attention p = .0001, Memory p = .0001, 
Executive/Abstract p = .016).
Follow-up, one-tailed univariate analysis o f covariance testing (the Perceptual 
domain was evaluated using a two-tailed test as its means fell in the unexpected 
direction) revealed that the domain of Executive/Abstract functioning was significant 
across the levels of exposure level (£(2, 152) = 4.490, p = .013). This comparison 
produced an Eta-squared of .056 indicating that exposure level accounted for 5.6% of 
the variance associated with the Executive/Abstract domain.
Lastly, post-hoc, pair-wise comparison analysis with Bonferroni alpha 
correction of the three exposure group levels for the Executive/Abstract domain 
variable revealed that a significant mean difference resided between the worst and least 
mustard gas exposed exposure levels for the domain o f Executive/Abstract (p = .010). 
This difference fell in the expected direction of worse exposed participants performing 
more poorly than least exposed participants. No additional significant differences were 
found when the Bonferroni procedure was not employed.
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The effects o f psychological functioning on neuropsychological testing results 
were evaluated next. In an effort to discover what effects emotional functioning had on 
the other, functional domain variables, the six tests and measures (i.e., BAI, BDI, Hs, D, 
Hy, & Pt) that made up the Emotional functioning domain were evaluated against the 
remaining six functional domains using Pearson’s, two-tailed correlation analyses. The 
majority (69.4%, 24 of 36) of the comparisons revealed significant correlations. All but 
one comparison from the four neurocognitive domains o f Verbal/Academic, Attention, 
Memory, and Executive/Abstract functioning correlated significantly with all o f the 
measures comprising the Emotional domain (see Table 6).
Table 6
Correlational Matrix for Measures Comprising the Domain of Emotional Functioning 
Against the Remaining Six Functional Domain Variables
Domain HS D HY PT BAI BDI
Perceptual r -.038 -.077 .059 -. 193(**) -.011 -.122
e .393 .283 .412 .007 .882 .091
n 194 194 194 194 194 194
Motor r -.125 -.061 -.075 -.041 -. 186(**) -.135
B .080 .398 .295 .563 .009 .059
a 197 197 197 197 198 198
Verbal/Academic r -.208(**) -.229(**) -.080 -231(**) -155(*) -. 170(*)
B .003 .001 .263 .001 .029 .016
n 198 198 198 198 199 200
Attention r -259(**) -.278(**) -182(*) -276(**) -.298(**) -264(**)
B .000 .000 .013 .000 .000 .000
n 183 183 183 183 184 185
Memory r -234(**) -264(**) -174{*) -285(**) -282(**) -.227(**)
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(taMe continued)
B .002 .000 .020 .000 .000 .002
n 179 179 179 179 180 180
Executive/Abstract r -165(*) -.207(**) -.159(*) -,224(**) -197(**) -217(**)
B .024 .004 .031 .002 .007 .003
B 186 186 186 186 187 187
Note. All correlations were derived using Pearson’s two-tailed correlation for analysis.
** = significant correlation at the 0.01 level.* = significant correlation at the 0.0S level.
Given the high rate of correlation between measures o f psychological 
functioning and neuropsychological test results, an additional multivariate analysis of 
differences (MANCOVA) across exposure group levels for the remaining six functional 
domains was performed. However, at this analysis, the effect of Emotional functioning 
was controlled for by treating it as a covariate. Other covariates for this analysis 
included the demographic variables of race and academic problems, as well as the level 
o f effort variables of DCT and MFIT. This analysis included 78 of the worst exposed 
participants, 56 of the moderately exposed participants, and 31 o f those participants 
who showed essentially no signs of exposure. The assumption of equality of covariance 
matrices was met as Box’s M test was non-significant (g = .347). The assumption of 
equality of error variances was met as Levene’s test was non-significant for all seven 
domain variables.
The initial multivariate analysis including the covariates o f Emotion, Race, 
Academic Problems, DCT, and MFIT was significant (Wilks’ Lambda E(12,288) = 
2.743, p = .002, Eta-squared - .  103) and revealed significant interactions between 
mustard gas exposure level and the covariates o f race (Wilks’ Lambda £(18,408) = 
2.429, g = .001, Eta-squared -  .092), academic problems (Wilks’ Lambda F(18, 408) =
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2.362, p = .001, Eta-squared * .089), and MFIT (Wilks’ Lambda E(18,408) = 2.521, p 
-  .001, Eta-squared = .095). Significant interactions were not found between mustard 
gas exposure level and the covariates of DCT (Wilks’ Lambda £(18,408) = 1.565, p = 
.066), and Emotional functioning (Wilks’ Lambda E(18, 408) = 1.289, p = . 19).
Univariate analyses for the three significant covariates revealed many significant 
findings among the various domain variables as expected (race: Perceptual p = .012, 
Motor p = .043, Attention p  = .001, Memory p = .004, Executive/Abstract p = .001; 
academic problems: Verbal/Academic p = .0001, Attention p = .002; MFIT:
Verbal/Academic p = .002, Attention p * .0001, Memory p = .0001, Executive/Abstract 
6 = 037).
Follow-up, one-tailed univariate analysis of covariance testing (the Perceptual 
domain was evaluated using a two-tailed test as its means fell in the unexpected 
direction) revealed that the domain of Executive/Abstract was significant across the 
levels of exposure level (E(2,149) -  5.167, p = .004). This comparison produced an 
Eta-squared o f .065 indicating that exposure level accounted for 6.5% of the variance 
associated with the Executive/Abstract domain. Lastly, post-hoc, pair-wise comparison 
analysis with Bonferroni alpha correction of the three exposure group levels for the 
Executive/Abstract domain variable revealed that a significant mean difference resided 
between the worst and least mustard gas exposed exposure levels for the domain of 
Executive/Abstract (p -  .005). This difference fell in the expected direction o f worse 
exposed participants performing more poorly than least exposed participants. No 
additional significant differences were found when the Bonferroni procedure was not 
employed.
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In addition to being divided by the three exposure group levels, data from the 
participant testing results was also partitioned by the presence or absence of significant 
gastrointestinal symptoms. Descriptive statistics for group classification within the 
Gastrointestinal Symptoms variable are listed in Table 7.
Table 7
Significant Gastrointestinal Svmptoms Growing Variable
Domain Gl-symptoms Q M SB
Perceptual No 108 63.34 7.9
Yes 88 61.77 7.0
Motor No 109 47.46 8.5
Yes 91 45.60 8.8
Verbal/Academic No 111 86.51 11.3
Yes 90 83.29 11.4
Attention No 99 60.62 8.2
Yes 87 58.70 7.3
Memory No 96 69.63 14.0
Yes 86 63.09 12.5
Executive/Abstract No 101 44.35 7.8
Yes 88 42.10 7.0
Emotional No no 47.72 12.2
Yes 86 53.65 10.0
Note. Higher scores better for all but “Emotional” which is reverse scored. GI- 
symptoms -  presence of significant gastrointestinal symptoms following exposure to 
mustard gas.
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A multivariate analysis of covariance procedure was run to allow for the 
inclusion o f selected covariates and to investigate differences between the two levels of 
Gastrointestinal Symptoms and participant testing across the seven functional domains. 
Hotelling’s Trace was employed as it allows for the simultaneous multivariate analysis 
of one independent variable with only two levels thereby protecting against the inflation 
of analysis error rate seen in multiple comparisons.
Covariates for this analysis included the demographic variables of race and 
academic problems, as well as the level o f effort variables of DCT and MFIT. This 
analysis included 77 participants who endorsed having experienced significant 
gastrointestinal symptoms following exposure to mustard gas and 88 who did not. The 
assumption of equality of covariance matrices was met as Box’s M test was non­
significant (p = 450). The assumption of equality of error variances was primarily met 
as Levene’s test was non-significant for five of the seven domain variables but returned 
significant results for both Executive/Abstraction (p = .038) and Emotional (g = .029) 
functional domains.
The initial multivariate analysis (MANCOVA) including the covariates of race, 
academic problems, DCT, and MFIT was significant (Hotelling’s Trace E(7, 150) = 
3.343, p -  .002, Eta-squared = .135), and revealed significant interactions between 
gastrointestinal symptom level and the covariates o f race (Hotelling’s Trace F(14,298) 
= 2.685, p = .001, Eta-squared * . 112), academic problems (Hotelling’s Trace_F(14, 
298) = 3.159, p = .0001, Eta-squared -  .129), DCT (Hotelling’s Trace F(14,298) = 
2.730, p = .001, Eta-squared *  .114), and MFIT (Hotelling’s Trace_F(14,298) = 4.618, 
p *  .0001, Eta-squared * .178).
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Univariate analyses for the four covariates revealed many significant findings 
among the various domain variables as was expected (race: Perceptual p = .002, Motor 
P = .040, Attention p -  .001, Memory p = .015, Executive/Abstract p = .012; academic 
problems: Verbal/Academic p = .0001, Attention p = .006; DCT: Verbal/Academic p = 
.006, Attention p = .0001, Emotional p = .027; MFIT: Perceptual p = .030, Motor p = 
.022, Verbal/Academic p -  .0001, Attention p = .0001, Memoiy p = .0001, 
Executive/Abstract p = .013, Emotional p -  .002).
Follow-up univariate analysis o f covariance testing revealed that the domains of 
Memory (F(l, 156) = 9.295, p = .003, Eta-squared = .056) and Emotional (F(l, 156) = 
14.840, p  = .0001, Eta-squared = .087) were significant across the levels o f 
Gastrointestinal Symptoms. Lastly, post-hoc comparison analysis revealed that the 
significant mean differences fell in the expected direction of those participants 
endorsing having experienced significant Gastrointestinal Symptoms following mustard 
gas exposure performing worse on testing (Memory p = .003; Emotional p = .0001).
Forward, step-wise discriminant analysis was then used to ascertain which 
functional domains were significant predictors of group status within the 
Gastrointestinal Symptoms variable. This analysis included 169 of the participants.
Box’s M test for equality of the covariance matrices was non-significant (p = .420). The 
domain variables of Emotional (E(l, 167) = 21.033, p= .0001) and Memory (F(2, 162) = 
13.142, p= .0001) functioning loaded as significant predictors of Gastrointestinal 
Symptoms classification (xJ(2, n * 169) -  24.399, p = .0001). Results occurred in the 
expected direction of worse performance being associated with group membership in 
the positive for Gastrointestinal Symptoms. Higher scores (better performance) for
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Memory functioning was found to correlate negatively with likelihood of 
gastrointestinal effects whereas higher scores (worse performance) for Emotional 
functioning was found to correlate positively with the presence of significant 
Gastrointestinal Symptoms. Together, these two factors correctly classified 63.1% of 
the participants.
The discriminant analysis procedure was then extended to include all 31 tests 
and measures that make up the seven functional domains, as well as the level o f effort 
variables DCT and MFIT. The forward, step-wise procedure was again chosen and 165 
participants were used in the analysis. Box’s M test for equality of the covariance 
matrices returned a significant result (p = 039) and although the discriminant analysis 
procedure is robust in the presence of slight violations of its underlying assumptions, 
the results o f this analysis are viewed and interpreted with less confidence than would 
be the case had the Box’s M test yielded non-significant findings.
Nonetheless, results again occurred in the expected direction of worse 
performance being associated with group membership as suffering from gastrointestinal 
effects. Two measures loaded as significant predictors (x3(2, n = 164) = 31.97, p = 
.0001) o f classification within the Gastrointestinal Symptoms variable (Hs from the 
MMPI-2 and Perceptual Organization from the Wechsler Adult Intelligence Scale - 
Revised). The first variable, Hs (E(l, 163) = 25.994, g= .0001), is a measure of somatic 
complaints and was positively correlated with group status such that as the participant’s 
score for Hs increased (worse performance), so did the likelihood o f his or her being 
classified as having significant gastrointestinal effects. The Perceptual Organization 
variable (F (2,162) = 17.781, p= .0001) showed a negative correlation and the opposite
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relationship with group status probability such that a&a participant’s score increased 
(better performance) he or she was less likely to be classified as experiencing 
significant gastrointestinal effects. Together, these variables correctly classified 68.2% 
of the participants within the Gastrointestinal Symptoms variable.
The individual 31 constituent tests and measures were also inspected to see what 
proportion of them showed significant differences across the three levels of the mustard 
gas Exposure Level variable in the expected dose-response direction for those thought 
to be sensitive to toxic exposure, as well as no mean differences for those thought to be 
resistant to toxic exposure (see Table 8). Overall, 16 o f the 31 tests and measures 
(51.61%) fell in accordance with hypothesized differences. Among the eight measures 
thought to be resistant to toxic exposure, eight (100%) fell in the hypothesized direction 
o f no significant differences between exposure levels. Among the 23 measures thought 
to be sensitive to toxic exposure, 8 (34.78%) fell in the hypothesized direction of worse 
performance for more severely exposed participants.
The individual 31 constituent tests and measures were then inspected to see what 
proportion of them showed significant differences across the severity levels o f the 
Gastrointestinal Symptoms variable in the expected dose-response direction for those 
thought to be sensitive to toxic exposure, as well as no mean differences for those 
thought to be resistant to toxic exposure (see Table 9). Overall, 20 of the 31 tests and 
measures (64.52%) fell in accordance with hypothesized differences. Among the eight 
measures thought to be resistant to toxic exposure, seven (87.5%) fell in the 
hypothesized direction of no significant differences between exposure levels. Among
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the 23 measures thought to be sensitive to toxic exposure, 13 (56.52%) fell in the 
hypothesized direction of worse performance for more severely exposed participants.
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Mean Differences for the Constituent Measures Across the Three Levels of the Exposure Level Grouping Variable
___________Level o f Symptoms
Bums and Pulmon.
Functional Domains and Pulmon. Only None Quality of Mean Differences
Individual Measures____________M(SD)_________M(SD)_________M(SD)_____________ Expected Observed
Perceptual:
SPE Total 50.65(12.7) 48.8(12.4) 48.73(11.4) Worse Better
TPT Total 43.29(9.5) 42.16(10.9) 41.65(11.2) Worse Better
PO 90.04(14.2) 94.22(12.8) 94.92(10.4) Worse Better
Motor
GSTDH 46.34(12.2) 49.01(9.0) 48.62(14.2) None Worse
GSTNDH 47.41(10.1) 50.91(9.0) 50.47(14.6) None Worse
FOTDH 43.76(11.3) 45.77(12.1) 44.68(10.5) None Mixed/Worse
FOTNDH 44.56(11.2) 46.33(10.8) 45.05(10.7) None Mixed/Worse
Academic/Verbal
VC 88.35(11.2) 88.64(10.4) 86.51(9.3) None Better
Reading 84.78(16.1) 84.36(15.2) 82.70(15.7) None Better
Spelling 82.63(16.5) 79.24(15.7) 80.35(15.3) None Mixed/Better
Arithmetic 86.91(12.5) 85.70(11.9) 88.57(10.1) None Mixed/Worse
Attention
FFD 91.10(11.3) 93.11(13.3) 90.82(9.0) Worse Mixed/Better
Attn/Conc (*) 90.45(14.4) 95.94(15.2) 96.81(13.5) Worse Worse
Stroop: Word 40.54(11.0) 41.17(9.1) 40.85(6.7) Worse Mixed/Worse
Stroop: Color 40.88(8.3) 41.09(9.7) 43.15(7.2) Worse Worse
SSPT 42.21(11.4) 43.97(9.4) 41.54(10.4) Worse Mixed/Better



















Gen Mem 8S.08(15.8) 86.90(14.4) 86.10(11.2) Worse Mixed/Worse
Del Recall 98.70(14.7) 92.25(14.2) 90.32(11.3) Worse Better
CVLT: Total 29.09(14.2) 32.37(16.9) 34.44(11.4) Worse Worse
CVLT: Long Del FR 55.60(20.40) 62.39(22.93) 60.02(18.28) Worse Mixed/Worse
Executive/Abstract
TMT: A (*) 39.76(11.6) 46.63(9.8) 46.03(10.9) Worse Worse
TMT: B (♦) 40.75(10.9) 43.26(10.5) 45.97(11.4) Worse Worse
CAT 45.76(9.7) 47.00(7.6) 49.00(11.6) Worse Worse
Stroop: CW(*) 41.09(8.4) 40.89(9.3) 45.12(7.3) Worse Mixed/Worse
Emotional
BAI (*) 19.23(12.8) 15.27(10.2) 11.00(10.9) Worse Worse
BDI (*) 16.33(11.1) 14.80(8.9) 10.35(8.9) Worse Worse
MMPI-2: Hs 73.57(15.2) 72.25(15.2) 67.22(13.6) Worse Worse
MMPI-2: D (*) 69.80(14.6) 67.93(14.5) 62.62(10.8) Worse Worse
MMPI-2: Hy(*) 69.60(17.6) 66.57(14.1) 61.41(12.3) Worse Worse
MMPI-2: Pt 65.47(15.8) 65.83(14.4) 59.30(14.9) Worse Mixed/Worse
Note. Emotional measures are reverse scored such that higher scores are more pathological. All other measures are the opposite. * 


















Mean Differences for the Constituent Measures Across the Two Levels of the Significant Gastrointestinal Symptoms Grouping 
Variable
Level of Symptoms
Functional Domains and Significant Minimal Quality of Mean Differences
Individual Measures____________MTSD1_________M(SD)_________p-vahie_____________ Expected Observed
Perceptual
SPE Total 49.98(12.2) 49.40(12.4) .738 Worse Better
TPT Total 42.09(9.9) 43.00(10.6) .317 Worse Worse
WAIS-R: PO 92.09(11.6) 97.8(13.7) .002 Worse Worse
Motor
GSTDH 47.04(12.1) 48.21(11.3) .482 None Worse
GSTNDH 47.60(10.7) 50.48(10.7) .060 None Worse
FOTDH 43.55(12.1) 45.51(10.8) .227 None Worse
FOTNDH 44.19(11.0) 46.14(10.9) .208 None Worse
Academic/Verbal
WAIS-R VC 85.41(10.0) 90.33(10.5) .001 None Worse
WRAT3: Reading 82.51(16.9) 85.66(14.5) .157 None Worse
WRAT3: Spelling 79.46(15.9) 82.31(16.1) .210 None Worse
WRAT3: Arithmetic 85.64(11.7) 87.73(12.0) .216 None Worse
Attention
WAIS-R: FFD 89.56(11.0) 93.63(11.9) .016 Worse Worse
WMS-R: Attn/Conc 92.07(14.2) 94.74(15.1) .203 Worse Worse
Stroop: Word 40.47(10.0) 41.11(9.4) .650 Worse Worse
Stroop: Color 40.15(8.9) 42.42(8.3) .071 Worse Worse
SSPT 41.80(10.4) 43.43(10.6) .275 Worse Worse



















WMS-R: Gen Mem 83.09(14.2) 88.19(14.4) .013 Worse Worse
WMS-R: Del Recall 87.71(13.1) 93.17(14.3) .006 Worse Worse
CVLT: Total 27.54(14.2) 34.32(14.8) .002 Worse Worse
CVLT: Long Del FR 54.94(19.2) 61.98(22.2) .022 Worse Worse
Executive/Abstract
TMT: A 42.02(11.5) 42.43(11.0) .796 Worse Worse
TMT: B 40.68(10.36) 44.13(11.2) .026 Worse Worse
CAT 45.64(8.2) 47.72(10.3) .119 Worse Worse
Stroop: CW 40.0(8.0) 43.27(9.0) .009 Worse Worse
Emotional
BAI 19.38(11.7) 13.89(11.68) .001 Worse Worse
BDI 16.08(9.3) 13.56(10.8) .083 Worse Worse
MMPI-2: Hs 77.27(12.4) 67.69(15.6) .0001 Worse Worse
MMPI-2: D 70.69(12.6) 65.53(14.9) .010 Worse Worse
MMPI-2: Hy 70.84(13.8) 63.99(16.6) .002 Worse Worse
MMPI-2: Pt 67.68(14.57) 61.88(15.5) .008 Worse Worse
Note. Emotional measures are reverse scored such that higher scores are more pathological. All other measures are the opposite.
Discussion
The current study constitutes « sample of convenience and is therefore made up 
of those readily available variables, and not secondary to a priori planning. As such, it 
suffers from the limitations endemic to such projects. O f substantial importance to the 
design of this study are the many neuropsychological and psychological scores that 
were available for analysis. Data reduction procedures were necessary to assure that the 
planned comparisons would not exceed reasonable limits. Efforts were made to limit the 
number of dependent variables to allow for comparison q ’s  of approximately at least 10 
participants per cell. Given that there were 203 participants and up to three levels of the 
independent variables, six to eight representative functional domains comprised of 
several conceptually and empirically grouped individual tests and/or measures each 
were sought. Exploratory factor analysis, along with an effort to rationally select tests 
representative o f domains of interest and placing measures into accepted conceptual 
groups, were utilized to this answer this need. The final seven functional domains 
represent the combination of study specific empirical findings and conceptually similar 
measures as defined by relevant literature (c.fi, Lezak, 1995; Spreen & Strauss, 1998).
Having prepared the data for analysis by constructing a reasonable number of 
dependent factors, the impact of various demographic variables on participant 
performance was assessed. It was expected that testing results would not vary 
significantly as a function of the various demographic classifications including 
participant: (a) race, (b) age at exposure, (c) marital status, (d) level of education, (e) 
history of academic problems, (f) significant legal history, (g) significant psychological
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history, (h) current use of psychotropic medications, (i) current use o f illicit drugs, and 
(j) current use of alcohol. Variance within the dependent variable that is associated with 
random variables (variables not selected by the researcher) is often referred to as 
random effects. Such random effects can influence significance testing, and when 
undiscovered, lead to the misattribution of significant findings to independent (fixed) 
variables.
Analysis of the random effects within the current study revealed that the 
demographic variables of race and academic problems were significantly associated 
with variability in participant performance across the seven domain variables. This 
confounding variance was statistically controlled for by including race and academic 
problems as covariates in the analyses such that their effect on the dependent variables 
was removed.
The occurrence of race as a significant covariate, though not included among the 
current hypotheses, is understood as both neuropsychological (Lezak, 1995; Spreen & 
Strauss, 1998) and psychological (Graham, 1993) testing results have been noted to 
vary as a function o f race. Furthermore, few measures, and none o f the measures in the 
current study, have normative data specific to different races, though they may have 
been normed on racially representative samples. What is interesting, is the finding that 
in those areas typically thought to vary significantly between the races (e.g., verbal 
intelligence, self-report o f emotional functioning) the current sample did not show 
significance differences. History o f academic problems varied significantly with the 
domains of Verbal/Academic, Attention, and Memory functioning. Participants who 
endorsed a history of academic problems scored significantly lower on all three of these
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domains as would be expected given their combined and individual importance for 
success in school.
As mentioned earlier, the current study is derived from a sample of convenience. 
It is believed that all participants in the current study were at one time involved in 
litigation stemming from their exposure to mustard gas. It is also likely that all, or 
nearly all, were still in the process o f this litigation at the time of evaluation. As such, 
measures of level of effort during testing were included to help identify dissimulation of 
cognitive deficits. Three such measures were included in the data selected for the 
current analyses. The AVT, number of omissions (Lezak, 1995); the DCT, number of 
errors (Rey, 1941); and the MFIT (Rey, 1964), number recalled, were evaluated for 
their tendency to covary with participant testing results across the seven domain factors. 
Two of these measures (DCT & MFIT) were significant covariates and were included in 
subsequent analyses to control for their effects on testing data. Both measures are 
simple and are usually performed within normal limits even by persons who are 
suffering form significant brain dysfunction (Lezak; Spreen & Strauss, 1998). It should 
be noted that very few participants produced unacceptable scores on either of these 
measures when looked at in isolation. However, although not typically below 
established test cut off points, as a whole, participant performance on these measures 
correlated significantly with their testing performance.
Following the investigation of demographic variable and level o f effort effects, 
differences between the three mustard gas exposure group levels were investigated 
using multivariate analysis of variance testing. The analysis progressed through stages 
and started with no covariates, then added the significant demographic covariates of
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race and academic, problems (MANCOVA)* and finally added the level o f effort 
covariates of DCT and MFIT performance (MANCOVA). It was hypothesized that 
those functional domains sensitive to toxic exposure (Perceptual, Attention, Memory, 
Executive/Abstract, and Emotional) would show a dose-response gradient o f poorer 
performance by those participants who were more severely exposed. It was expected 
that those functional domains thought to be resistant to toxic exposure 
(Academic/Verbal and Motor) would not show a dose-response gradient across 
exposure levels.
What emerged from the analyses was a significant effect for the domain of 
Executive/Abstract functioning in the expected dose-response direction. Those 
measures comprising the Executive/Abstract domain are typically referred to as 
measures of higher cortical functioning (Lezak, 1995) and represent more cognitively 
demanding tasks. They require divided attention, response inhibition, abstract problem 
solving, and mental flexibility. As measures that are quite demanding, they also are 
often the first to show deficits in cases of mild cognitive dysfunction. Even when 
corrected for the random effects of significant demographic variables and the significant 
effects of level of effort, the domain of Executive/Abstract functioning continued to 
show significant mean differences between the most and least exposed groups.
The domain of Emotional functioning was also noted to vary significantly as a 
function of Exposure Level before any covariates were added. Following the 
introduction of the demographic covariates (race and academic problems) this effect 
was no longer seen. However, when controlling for race and history of academic 
problems, an effect for the domain of Attention functioning was noted. This effect,
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however, did not remain once the level of effort covariates (DCT & MFIT) were 
analyzed. Those variables thought resistant to the effects of toxic exposure did not differ 
significantly across the levels of the Exposure Level variable as was hypothesized.
It was hypothesized that neuropsychological functioning would vary as a 
function of psychological functioning. Therefore, the individual tests and measures that 
comprised the Emotional domain were investigated for their tendency to covary with 
the other six domain variables. Significant correlations were found for the vast majority 
(all but one, 95.83%) of comparisons across the domains of Verbal/Academic,
Attention, Memory, and Executive/Abstract functioning, whereas only two (16.67%) of 
the comparisons across the Perceptual and Motor domains were significant.
Multivariate analysis o f covariance testing across the three levels o f mustard gas 
exposure was repeated with the domain of Emotional functioning held out as a covariate 
with the other demographic and level o f effort covariates. The Emotional domain failed 
to produce a significant interaction with mustard gas Exposure Level. Although its 
constituent parts were highly correlated with measures of neurocognitive functioning 
the Emotional domain as a whole did not appear to vary significantly as a function of 
Exposure Level (p = . 19). This analysis also returned a significant univariate result for 
the Executive/Abstract domain in the expected dose-response direction of significant 
mean differences between the most and least exposed levels o f the mustard gas 
exposure group.
Although the Emotional domain factor did not produce significant results across 
the Exposure Level variable, inspection of its individual constituent tests and measures 
revealed that many o f them showed notable increases in psychological pathology
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between the least and most exposed groups. Furthermore, the scores on all six o f  these 
constituent measures from the most exposed group fell within the clinically significant 
range.
The literature suggests that the presence of significant gastrointestinal symptoms 
(e.g., vomiting, diarrhea) is often associated with mustard gas exposure. The ability of 
significant gastrointestinal symptoms to separate participant performance across the 
seven functional domains was evaluated with an eye toward the same expected dose- 
response gradients among the same exposure sensitive and exposure resistant functional 
domains. The domains o f Memory and Emotional functioning showed significant 
differences across the levels of the significant Gastrointestinal Symptoms variable in the 
expected dose-response direction on multivariate analysis of covariance testing with the 
significant demographic variables of race and academic problems, along with the level 
of effort variables o f DCT and MF1T, included as covariates.
Significant Gastrointestinal Symptoms were evaluated as classification groups 
for the seven functional domains as well as for all 31 individual tests and measures. 
Using discriminant analysis, the functional domains of Emotional and Memory 
functioning were again returned and loaded as significant predictors of gastrointestinal 
symptom classification status. When the discriminant analysis procedure was opened up 
to all 31 constituent tests and measures, a measure of somatic complaints (Hy from the 
MMPI-2) and a measure of perception (PO from the WAIS-R) loaded as significant 
predictors. Again, measures representing the psychological and neuropsychological 
areas hypothesized to be sensitive to toxic exposure correlated significantly with a 
measure o f exposure severity and in the predicted dose-response direction. And again,
67
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
those measures not hypothesized to  be sensitive to the effects o f toxic exposure failed to 
show significant correlative or predictive ability.
The individual constituent tests and measures were also evaluated to see what 
proportion of them followed the hypotheses for does-response differences across the 
levels of the mustard gas Exposure Level variable and the severity levels o f the 
Gastrointestinal Symptoms variable. Comparisons were done using non-alpha corrected 
significance testing and should be interpreted with caution. When looking across the 
levels of the mustard gas Exposure Level variable, 51.61% ofthe 31 constituent tests 
and measures fell in expected dose-response direction for sensitive measures, or 
showing no difference for measures resistant to toxic exposure. Among the resistant 
measures (those comprising the Academic/Verbal and Motor domains; see Table 8) 
100% followed the proposed hypotheses such that none produced significant mean 
differences. Among the sensitive measures (those comprising the Attention, Memory, 
Perceptual, Executive/Abstract, & Emotional domains) 34.78% (8 o f 23) followed the 
proposed hypotheses and produced significant mean differences in the expected dose- 
response direction.
A better proportion of expected results was found for the 31 constituent 
variables when evaluated across the two severity levels o f the Gastrointestinal 
Symptoms variable (see Table 9). Overall, 64.52% of these variables fell as 
hypothesized producing either significant results in the expected direction for sensitive 
measures, or showing no difference for resistant measures. Among the sensitive 
measures, 56.52% produced significant results in the expected dose-response direction.
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Among the resistant measures, 87.5% showed no difference between levels as 
predicted.
It appears from these less-than-statistically rigorous comparisons that the 
selected 31 constituent variables are more sensitive to the levels within the 
Gastrointestinal Symptoms variable. This variable, in turn, may better capture the 
severity o f exposure than the three levels of the Exposure Level variable. It must be 
considered, however, that both variables were constructed from data gleaned from 
medical records and likely largely represent the self-report of the participants as they 
presented for an evaluation directly connected to the litigation surrounding their 
exposure to mustard gas.
As mentioned above, the current study suffers from limitations secondary to its 
classification as a sample of convenience. It is also limited because of the specific 
properties of mustard gas exposure that may not generalize well to other toxic 
exposures (e.g., the relative rarity of exposure to military grade vesicants). Furthermore, 
the status of the participants in the current study as active litigants during testing may 
limit the findings in regards to generalizing them to groups of persons who are not in 
the process of litigation but are exposed to toxic substances.
With these limitations in mind, the current study does present the reliable 
finding o f expected dose-response linked neuropsychological and psychological 
differences on some measures thought to be sensitive to toxic exposure, and the absence 
of significant findings across exposure levels for measures thought to be resistant to 
toxic exposure (see Table 10). The functional domain of Executive/Abstract remained a 
significant finding even with the application of empirically selected significant
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covariates. Changing participant exposure severity variables from symptoms of bums 
and respiratory distress to significant symptoms of gastrointestinal distress did not 
completely wash out the findings. Instead, significant differences in the expected dose- 
response direction for both the domains of Memory and Emotional functioning were 
found as hypothesized. Again, no significant differences were seen between levels of 
gastrointestinal symptoms for those domains thought to be resistant to toxic exposure. 
Table 10











Motor None • • •




Emotional Worse * * *
Note. * represents expected findings for the given functional domain for that analysis.
These findings add to those of the pilot study and bolster the assertion that acute 
exposure to mustard gas in sufficient quantities, such as sufficient to produce bums and 
lasting, significant gastrointestinal symptoms, is significantly associated with 
deleterious effects on higher order cognitive processing including memory and 
executive functioning (complex attention, response inhibition) as well as with increased 
psychological pathology. In fact, although means for the other constituent measures of 
severely exposed participants often fell within normal limits or in the range of 
borderline functioning, scores on measures o f psychological functioning for severely
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exposed participants fell uniformly in the clinically significant range for both the 
Exposure Level and the Gastrointestinal Symptoms grouping variables.
The current study reveals several Actors about the evaluation o f individuals who 
have been exposed to toxic substances. The fact that the one consistent finding among 
the Exposure Level variable was made up o f measures o f higher level cognitive 
functioning indicates that the sometimes subtle, but significant, effects of toxic 
exposure may require sensitive tests for detection. The current study utilized existing 
data from past participant evaluations. It is likely that the measures employed (e.g., the 
HRNB), though effective in detecting the effects of more gross neurological damage as 
seen following traumatic brain injury or progressive dementias, may have been 
inappropriate for the current population. More demanding and sensitive measures of 
mental processing speed, sustained and divided attention, and refined perceptual 
abilities would have likely had more power in detecting any subtle deficits.
Furthermore, the construction of functional domain variables, though meeting 
statistical needs for analysis, may dull the sensitivities of individual measures through 
inappropriate combinations. Although efforts were made to combine the constituent 
measures in meaningful and exposure sensitive domains, the seven domains chosen may 
not have been the most effective at capturing the effects o f mustard gas exposure. For 
example, restricting the chosen measures to the tests of attention and processing speed, 
such that fewer, more highly correlated measures were placed into more domains, while 
giving up analyses on motor and perceptual functioning due to the recognized less 
sensitive status of the measures available for analysis, may have yielded different 
results.
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Another interesting finding w u  the difference in results found when the 
grouping variable was changed from the three level Exposure Level variable, which 
dealt more with the extent of bums and pulmonary distress, to the two level 
Gastrointestinal Symptoms variable. Within both variables, the resistant domains 
performed as hypothesized and showed no significant effect across exposure levels. 
However, the finding of differences across exposure levels for the Executive/Abstract 
domain disappeared when compared across the levels of the Gastrointestinal Symptoms 
variable and was replaced by significant differences between the Memory and 
Emotional domains. The Gastrointestinal Symptoms variable showed more effects in 
the predicted direction when the 31 constituent measures were compared without alpha 
inflation correction (see Table 9).
It may be that the literature on the effects o f mustard gas exposure does not 
entirely capture how to best assess for cognitive and psychological impairment. The 
severity and permanence of gastrointestinal symptoms (possibly representing the 
widespread internal absorption of mustard gas and lasting deleterious effects secondary 
to its alkylating and mutagenic properties) may better classify exposure level than the 
presence o f bums and blisters. It may also be the case that mustard gas, as a toxin, does 
not fit the model proposed by the literature for assessment of neuropsychological 
effects. Much of the literature on toxic exposure within neuropsychology deals with 
exposure to solvents, agents that produce hypoxic reactions (i.e., carbon monoxide), and 
heavy metals. Mustard gas, as a vesicant with alkylating and mutagenic properties, may 
not fit this model as well as assumed, and preconceptions about assessing for effects 
secondary to mustard gas exposure may need to be revised.
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It is unlikely that a comparable database o f mustard gas exposed individuals will 
ever present itself again. As such, the replication o f these findings will be difficult, at 
least as far as mustard gas exposure is concerned. However, the careful evaluation of 
individuals exposed to toxic substances and the thoughtful analysis of resulting data 
with an eye toward expected dose-response gradients and comparisons between 
sensitive and resistant measures will help further research on the effects of toxic 
exposure on the human central nervous system.
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Appendix 
Pilot Study
Approximately one year post-exposure, a sample of 13 industrial workers 
previously accidentally exposed to mustard gas and a carefully selected sample of 13 
non-mustard gas exposed individuals matched for age, sex, race, handedness, education, 
occupation, and marital status were administered the Millon Clinical Multiaxial 
Inventory (MCMI; Millon, 1983) and the Neurobehavioral Evaluation System 2 (NES2; 
Letz, 1993). All subjects were male (M age = 40.0 years [SD = S.7]; M years o f 
education =11.5 [SD = 1]). For the mustard gas exposed subjects mean age and years of 
education were 39.7 (SD = 5.8) and 11.4 (SD = 1) respectively. For the non-mustard gas 
exposed, control subjects mean age and years of education were 40.2 (SD = 5 .7) and 
11.7 (SD = 0.9) respectively. Further demographics are presented in Table Al.
Selection of the 13 mustard gas exposed subjects was made from the 
approximately 600 mustard gas exposed industrial workers. Mustard gas exposed 
workers were classified as: 1) showing obvious chemical bums and blisters as well as 
pulmonary problems from mustard gas exposure [approximately 30%], 2) endorsing 
pulmonary problems secondary to mustard gas exposure but showing no bums 
[approximately 60%], and 3) not showing evidence of or endorsing having experienced 
bums or other physical/medical symptoms [approximately 10%].
From these three groups, random samples were selected and from these random 
samples, persons were sequentially solicited for participation in the study with study n’s 
of 4, 5, & 4 selected from groups one through three above respectively to yield the
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experimental group’s total & of 13. A total o f 13 carefully matched, non-mustard gas 
exposed subjects were solicited from local labor union halls.
The resultant data was then subjected to Student’s one-tailed, matched samples 
1-tests to detect simple differences between the mustard gas exposed and non-mustard 
gas exposed groups. Carefully matching the mustard gas exposed subjects with very 
similar non-mustard gas exposed controls allowed us to be confident that any revealed 
significant differences between the two groups were linked to the mustard gas exposure 
and not secondary to some other confounding difference. The literature reviewed on the 
detrimental effects o f mustard gas allowed us to utilize one-tailed statistical measures 
based on the general a priori hypothesis that mustard gas exposure would cause 
elevations on measures of emotional distress and decrements in neuropsychological test 
performance.
Finally, analysis of variance testing was performed across the three exposure 
levels o f the mustard gas exposed subjects to determine if significant differences 
between levels existed. When significant, the omnibus analysis of variance tests were 
followed up with the Scheffe’, post hoc pair-wise comparison measure to isolate the 
main effects driving the difference among the three exposure levels while 
simultaneously controlling for type one error inflation.
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Measures
Testing of the subjects occurred 12 to 13 months following the mustard gas 
exposure and included the Millon Clinical Muhiaxial Inventory (MCMI) and the 
Neurobehavioral Evaluation System 2 (NES2). Both tests were administered and scored 
using the publisher supplied protocols and software. The MCMI (Millon, 1983) is a 
175-item true-false clinical personality inventory. It has been extensively researched 
and contains scales designed to detect invalid, unreliable, and “fake good’Y'fake bad” 
response styles and gives separate profiles for personality organization and clinical 
syndrome scales. The NES2 (Letz, 1993) is a computer administered test battery 
designed to assess neurobehavioral functioning in individuals exposed to potentially 
toxic substances. It allows for a reliable computer controlled test administration and 
consists o f measures designed to test general neuropsychological performance on tasks 
tapping functions such as dexterity, attention, concentration, memory, and motor speed, 
as well as the endorsement of psychological distress.
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Results
Both the profiles from the mustard gas exposed subjects and those from the non­
mustard gas exposed subjects met validity criteria on the MCMI. Given the exploratory 
nature of this investigation, the alpha level for all a priori statistical comparisons was set 
at .OS.
Demographic variables for all comparison groups o f can be found in Table A1. 
All subjects who participated were male, 24 were Caucasian, and two were African- 
American (one African-American subject was in the control group and the other was in 
the experimental group with pulmonary symptoms). Statistically significant differences 
between the two groups were found for several of the self-report psychological 
variables (both on the MCMI and the NES2) and five of the NES2 neuropsychological 
measures.
Table A1















All 26 40.0(5.7) 11.5(1.0) 18 8 18 6 2
Non-expo sed 13 40.2(5.7) 11.7(0.9) 9 4 10 3 0
Exposed
Symptoms
13 39.7(5.8) 11.4(1.0) 9 4 8 3 2
none 4 44.3(6.1) 12.0(0.0) 4 0 4 0 0
pulmonary S 37.0(5.4) 10.8(1.3) 3 2 3 1 1
burns 4 38.5(4.2) 11.5(1.0) 2 2 1 2 1
Note. Values for variables Age and Education are given in years. All subjects were 
male. Dorn. = dominant, Educ, -  education, Mar. 31 married, Div. = divorced, Oth. -  
other.
On the MCMI, the mustard gas exposed group scored significantly higher than 
the non-mustard gas exposed group (when compared using Student’s, paired, one-tailed
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1 -to t) on the following clinical syndrome scales: Schizoid, Avoidant, Aggressive, 
Schizotypal, Borderline, Anxiety, Somatoform, Dysthymia, Alcohol Abuse, Psychotic 
Thinking, Psychotic Depression, and Psychotic Delusions (see Table A2). Together, 
these variables have a mean effect size (d; Cohen, 1992) of 1.85.
Table A2









Schizoid 28.5(18.1) 70.4(20.6) .0001 2.17
Avoidant 23.4(14.8) 63.5(23.0) .0001 2.23
Aggressive 21.9(17.7) 76.2(22.0) .0001 2.73
Schizotypal 36.9(21.4) 59.3(12.6) .0021 1.32
Borderline 37.9(18.1) 67.4(11.8) .0004 1.97
Anxiety 52.5(13.1) 91.6(15.7) .0001 2.72
Somatoform 56.7(16.4) 72.7(13.5) .0084 1.07
Dysthymia 49.7(18.5) 79.0(18.2) .0002 1.60
Alcohol Abuse 31.6(19.7) 55.3(13.7) .0016 1.42
Psychotic Thinking 35.5(20.6) 59.3(7.1) .0025 1.72
Psychotic Depression 24.7(20.4) 62.0(9.9) .0001 2.47
Psychotic Delusions 52.9(17.2) 63.9(12.7) .0283 0.74
Note. All values represent more impaired performance by exposed subjects. Mean 
effect size for the 12 significant MCMI variables -  1.8S. Sample size = 13 for both the 
Non-Exposed and the Exposed groups.
On the NES2 self-report measures, the mustard gas exposed group endorsed 
significantly higher levels than the non-mustard gas exposed group (when compared 
using Student’s, paired, one-tailed t -test) of Lassitude, Neurasthenia, Memory 
Problems, Confusion, Coordination Problems, Neurologic Symptoms, Physical 
Symptoms, Tension, Depression, Anger, and Fatigue. The mustard gas exposed subjects 
also performed significantly worse than the non-mustard gas exposed subjects on 
several NES2 neurocognitive measures including the psychomotor tasks o f Finger 
Tapping Non-Dominant Hand, Finger Tapping Alternating Hands, and Simple Reaction
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Time; the attentions! task of Continuous Performance; and a Vocabulary measure (see 
Table A3). Together, these NES2 self-report and neurocognitive variables have a mean 
effect size of 2.18.
Table A3
Significant NES2 Differences Between Mustard Gas Exposed and Non-Mustard Gas 
Exposed Subjects on Paired t-Tests
Variable Non-Exposed Exposed p-value Effect
(NES2) m sm MCSD) Size (d)
Lassitude 1.4(03) 3.5(07) .0001 4.21
Neurasthenia 1.2(02) 2.4(05) .0001 3.55
Memory Probs. 1.5(05) 30(0.9) .0001 2.16
Confusion 1.3(03) 2.7(09) .0001 2.31
Coordination Probs. 1.0(00) 1.7(05) .0001 3.02
Neurologic Symps. 1.2(02) 2.2(06) .0001 2.50
Physical Symps. 1.1(02) 2.1(05) .0001 2.80
Tension 1.9(04) 3.6(10) .0001 2.46
Depression 1.6(04) 30(0.7) .0001 2.46
Anger 1.4(03) 3.0(10) .0002 2.45
Fatigue 2.2(07) 4.1(05) .0001 3.22
Confusion (new) 2.0(07) 3.3(08) .0007 1.78
Finger Tapping NDH 160.0(18.0) 137.5(40.6) .0427 0.77
Finger Tapping AH 205.0(47.8) 171.4(62.3) .0090 0.61
Continuous Perf. 392.2(61.7) 462.8(98.8) .0265 0.88
Vocabulary 59.1(20.6) 46.5(15.8) .0309 0.69
Simple RT. 267.4(46.7) 361.9(115.8) .0037 1.16
Note. All values represent more impaired performance by exposed subjects. Sample
size = 13 for both the Non-Exposed and the Exposed groups. Probs. = problems, 
Symps. -  symptoms, NDH = non-dominant hand, AH = alternating hands, Perf. = 
performance, RT. = reaction time. Mean effect size for the 17 significant NES2 
variables = 2.18. Overall mean effect size for the combined 29 significant MCMI and 
NES2 variables = 2.04.
Table A4 shows a listing of variables that did not meet the alpha = .03 criterion 
for statistical significance but whose p-values fell in the range of 0.031 up to  0.23. 
Together, these variables have a mean effect size of 0.44 . Although significant group 
differences were not observed for these individual variables, they remain of interest
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because of the directional pattern of differences found between mustard gas and non­
mustard gas exposed subjects.
Table A4
Non-Significant MCMI and NES2 Differences Between Mustard Gas Exposed and 









Dependent1 58.9(24.5) 74.7(22.6) .0723 0.67
Paranoid 58.1(14.4) 61.2(12.4) .1850 0.24
Hypomania 28.7(25.8) 36.5(26.5) .2186 0.30
Pattern Comparison 98.8(3.0) 96.6(7.8) .0941 0.40
Digit Span, Forward 66(1.2) 5.9(12) .0664 0.58
Sw-Att, Direction2 458.1(70.3) 561.3(256.1) .0841 0.63
Horizontal Addition 94.5(4.6) 96.1(1.9) .0951 0.50
Reported Effort2 3.4(1.0) 3.9(0.6) .1066 0.58
Pattern Memory2 81.9(9.3) 77.5(26.6) .2858 0.24
Digit Learning 48(1.9) 4.2(19) .2205 0.28
Associate Recall 67.1(26.3) 74.7(19.6) .1948 0.33
Sw-Att, Side2 337.5(88.4) 419.3(213.1) .1016 0.54
Sw-Att, SW-Side2 660.5(211.6) 791.2(331.9) .1180 0.48
Sw-Att, SW-Dir.2 789.6(188.6) 894.9(319.4) .1757 0.41
N ote.1 -  MCMI variables:z -  NES2 variables. Sample size = 13 for both the Non-
Exposed and the Exposed groups. Sw-Att = Switching Attention, Dir. = direction. Mean 
effect size = 0.44. Variables in italics were in the non-predicted direction.
Although the individual variables in Table A4 produced statistically non­
significant differences between the two experimental groups, when examined as a 
group, significantly more of these variables showed differences in the expected 
direction o f mustard gas exposed subjects more strongly endorsing symptoms or 
performing worse on test measures than non-mustard gas exposed subjects (Wilcoxon 
signed-rank test; Z = -2.542, g = .011).
An investigation into the possible differences between exposure levels among 
mustard gas exposed subjects was conducted next. The data from the subjects exposed
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to mustard gas was broken into exposure level groups (i.e., No symptoms, n = 4; 
Pulmonary symptoms, n = 5; & Bums [both blisters and pulmonary symptoms], n = 4). 
Analysis of variance (ANOVA) testing was used to test for significant differences 
between exposure level groups on the MCMI and the NES2.
For those variables showing significant differences between exposure level 
groups on the omnibus ANOVA testing, post hoc pair-wise comparisons (using the 
Scheffe’ F-test to control for type one error inflation) were conducted to delineate the 
main effects. The MCMI revealed no significant differences on ANOVA testing 
between the three exposure level groups for any variable of emotional functioning. The 
NES2 likewise failed to reveal any significant differences on ANOVA testing for any of 
its self-report variables of emotional functioning. However, the NES2 did reveal several 
significant differences on ANOVA testing between the three exposure levels of the 
mustard gas exposed group for measures of neuropsychological functioning.
Those significant neuropsychological variables on the NES2 with effect sizes of 
sufficient size to produce significant post hoc pair-wise comparisons between the three 
exposure levels of the mustard gas exposed group using the Scheffe’ test are presented 
in Table AS. O f distinct interest is the finding that nearly all (eleven o f thirteen; 86%) of 
the significant main effects occurred in the expected direction of more impaired 
performance manifesting in the context of more serious mustard gas exposure. The 11 
significant effects which occurred in the expected direction of poorer performance 
associated with more serious mustard gas exposure came from seven variables 
comprised of three measures o f attention, three measures of memory, and one measure 
o f reaction time. The assertion that this presumed dose-response relationship is more
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than an artifact is bolstered by the fact that significantly more of the main effects went 
in the expected direction than not (Wilcoxon signed-rank test; Z = -2.97, p  = 0.003). 
Table AS
NES2 ANOVA Results of Significant Scheffe’ Post-Hoc. Pair-Wise Comparisons 













Continuos Perf. — 389.2(23.9) 570.5(88.1) 8.6
Pattern Mem. % Corr. — 92.0(2.8) 45.0(26.8) 10.5
Pattern Mem. % Corr. 92.0(7.3) — 45.0(26.8) 9.4
Simple RT — 306.6(56.1) 497.0(114.1) 7.3
Simple RT 295.8(34.0) — 497.0(114.1) 7.4
Assoc. Learning % Corr. 50.0(8.1) — 25.0(14.0) 4.6
Assoc. Recall % Corr. — 77.0(16.5) 53.5(7.0) 4.3
Assoc. Recall % Corr. 93.0(8.0) — 53.5(7.0) 11.0
Sw-Att, Direction — 433.0(51.0) 818.3(356.0) 4.1
Sw-Att, SW-Side — 617.6(155.6) 1155.0(357.3) 5.8
Sw-Att, SW-Side 644.3(158.9) — 1155.0(357.3) 4.7
Digit Learning — 3.2(1.1) 6.5(1.7) 8.3
Digit Learning 3.3(0.5) — 6.5(1.7) 7.3
Note. Sw-Att = Switching Attention. Variables in italics were in the non-predicted 
direction. For the None group q = 4, for the Pulmonary group n = 5, for the Bums group 
0 = 4. All comparisons were significant at alpha = .OS after using the Scheffe’ F-test to 
control for type one error inflation. Perf. -  performance, Mem. = memory, Corr. = 
correct, RT. = reaction time, Assoc. = associate.
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Discussion
Industrial accidents, including those involving hazardous chemicals and toxins, 
can have life-altering repercussions for those involved. In a carefully matched study, we 
show that approximately one year after exposure to mustard gas, exposed subjects 
endorsed higher levels o f psychological distress and performed worse on several 
measures of neurocognitive functioning including measures o f psychomotor and 
attentional ability. Furthermore, we show evidence supporting a presumed dose- 
response curve, with more seriously exposed subjects performing significantly worse 
for several neuropsychological measures (e.g., attention & memory) among mustard gas 
exposed subjects.
Mustard gas exposed subjects were seen to consistently endorse significantly 
higher levels of clinically distressing symptoms including depression, anxiety, anger, 
fatigue, memory problems, confusion, avoidance, aggression, and alcohol abuse. 
Although the mustard gas exposed subjects also differed significantly from the non­
mustard gas subjects on several measures of neurocognitive performance, the 
preponderance of the difference between the two groups is seen in the endorsement of 
psychological distress by the mustard gas exposed subjects. There are clear indications 
of very significant psychological distress among the mustard gas exposed subjects 
(significant MCMI & NES2 emotional functioning variables mean effect size = 2.30), 
and less pronounced, but nonetheless significant, impairment on several measures of 
psychomotor dexterity, as well as vocabulary and continuous performance-sustained 
attention measures (significant NES2 neuropsychological functioning variables mean 
effect size = 0.82).
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Among those variables that did not show statistical significance between groups, 
the majority of those with p-values ranging from .051 to .25 did show differences in the 
expected direction of mustard gas exposed subjects performing worse than non-mustard 
gas exposed subjects. Within Table A4, only three of the 14 variables failed to show 
differences between the mustard gas exposed and non-mustard gas exposed subjects in 
the expected direction. Furthermore, although the individual variables in Table A4 
represent non-statisticalty significant, but primarily directionally appropriate 
differences, when the differences between the experimental groups of mustard gas and 
non-mustard gas exposed subjects are viewed collectively, this set o f variables does 
show a statistically significant trend revealing the directionality o f the between group 
differences among this set o f variables (Wilcoxon signed-rank test; 2  = *2.542, p =
.011).
Comparisons between the exposure levels of the mustard gas exposed subjects 
revealed support for a presumed dose-response curve, in which greater degrees of 
neuropsychological dysfunction were observed among the participants with the greater 
severity of mustard gas exposure. Statistical significance testing revealed that 
significantly more of the post hoc pair-wise comparisons were found to go in this dose- 
response direction than not (Wilcoxon signed-rank test; 2  = -2.97, p  = 0.003). 
Limitations in sample size precluded the direct investigation of differences between the 
subjects of the worst exposure level (Bums) of the mustard gas exposed group and 
matched non-exposed controls. Significant effects which might have been seen between 
the more seriously exposed subjects and controls may have been diluted by the 
inclusion of the performance of less severely exposed participants.
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The current study used participants drawn from a litigation pool and therefore 
suffers from the problems endemic to such populations. Furthermore, several o f the 
experimental comparisons were performed on groups of relatively small sample sizes. 
However, only those subjects whose data passed the validity screening of the MCMI 
were included in the study. Also, care was taken to provide a well matched control 
group for all comparisons. Although these do not constitute perfect experimental 
criteria, the current data appear valid and indicate that mustard gas is capable of 
producing both emotional and neurocognitive effects in exposed persons, and generally 
parallels reports on the Gulf War Syndrome (Horn, Haley, & Kurt, 1997; Sillanpaa et 
al., 1997) showing both emotional and neurocognitive changes among suffers of toxic 
exposure involving substances with cholinergic properties. Further research with larger 
sample sizes as well as more comprehensive assessment batteries using this population 
is recommended.
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